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Joseph T. Ryerson & Son, Inc. 


Reckoned in terms of transportation, 
Ryerson steel stocks and steel experi- 
ence span the gap between plodding 
percheron and flashing jet plane. 

On the hoofs of thousands of horses, 
Ryerson iron clattered along the cob- 
bled streets of yesterday. Now, Ryer- 
son aircraft alloys streak through the 
sub-stratosphere in the high speed 
planes of the Air Age. 

This century of service to transpor- 
tation and allied industries illustrates 
how Ryerson has kept pace with prog- 
ress. Ryerson stocks of carbon, alloy 
and stainless steel—continually chang- 
ing with the times—always meet the 
specialized requirements of every major 
industrial field. 


From Horseshoe Iron to Aircraft Alloys 


In these days of heavy demand, the 
particular steel you need may be tem- 
porarily out of stock. But from long 
experience we can usually suggest a 
practical alternate. So, whatever your 
requirements, we urge you to call our 
nearest plant. 


Princip al Products 


SHEETS—Hot and 
rolled, many types and 


BARS—Carbon and al- 
loy, hot rolled and cold 


fin., reinforcing coatings 


TUBING—Seamless and 
welded, mechanical and 
boiler tubes 


STRUCTURALS—Chan- 
nels, angles, beams, etc. 


PLATES—Sheoared and 
U.M., Inland 4-Way Floor STAINLESS—Allegheny 
Plate sheets, plates, tubes, etc. 


MACHINERY & TOOLS—for metal working 


RYERSON STEEL 


Plants: New York, Boston, Philadelphia, Detroit, Cincinnati, Cleveland, Pittsburgh, Buffalo 


Chicago, Milwaukee, St. Louis, Los Angeles, San Francisco. 
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The Austenitic Stainless Steels— 


American and British Practice Compared 


By F. H. Keating 

Chief Metallurgist 

Imperial Chemical Industries, Ltd. 
Billingham, England 


In comparing American and British practice con- 
cerning 18% chromium, 8% nickel stainless steels, 
the author’s purpose is “‘to invite discussion that 
may give positive guidance to those in both coun- 


tries who direct the manufacture and use of these 


important and costly materials”. 


points of difference in British and American prac- 
tice concern the use of unstabilized compositions, 
the safe upper limit of carbon content in stabilized 
steels, and the use of the Huey test for corrosion. 


HE FUNDAMENTAL IMPORTANCE of the 
austenitic stainless steels to many industries 
justifies a great deal of research and investigation 
on the problems of the right utilization of existing 
knowledge and the constant extension of knowl- 
edge. All the major industrial countries have con- 
tributed to the pool of knowledge on which present 
practice is based, and it may be instructive and 
informative to examine the use made of existing 
knowledge by two of the major contributors — 
the United States and Britain. This comparison is 
based on some years of experience as a user, on 
discussions with American producers and users, 
and on some familiarity with the relevant techni- 
cal publications of the two countries. Its sole 
purpose is to invite discussion that may give posi- 
tive guidance to those in both countries who 
direct the manufacture and use of these important 
and costly materials. 
Present Position — A direct comparison between 
the outputs of chromium-nickel austenitic steels in 


The principal 


the two countries is difficult. Published 
statistics are compiled on different bases; 
without access to the sources of both sets 
of figures, accurate coordination of the 
statistics is not possible. For the purpose 
of this discussion, however, it is not 
imperative to have accurate figures; the 
relevant fact is the much greater pro- 
duction in the United States. If the 
British figure is taken as 30,000 tons per 
year, the American figure will be of the 
order of five or six times greater. 

Since the economics of the producing 
industries are not under discussion here, 
it is sufficient to say that the large 
American output, reflecting the demands 
of larger industries, also indicates a more 
widespread utilization of these special 
materials. It is probable that the total 
U.S. figure contains an adequate outlet 
for the scrap of that part of the pro- 
duction made to close specification requirements, 
the outlet consisting of the extensive use of these 
materials for decorative and domestic use, in which 
technical requirements are not so stringent. In 
Britain, the lower production and less widespread 
demand result in a less balanced production and 
this state of affairs may explain certain important 
differences in composition of the high-grade prod- 
ucts of the two industries. 

In both countries, a significant proportion of 
output is made to close specification requirements 
and goes to users whose experience demands close 
control over composition and treatment. These 
users, generally large producing industries, are 
largely instrumental in fixing the limils of national 
or other specifications to which the steelmakers 
must work. It is with this particular part of the 
total production that this discussion is concerned 
and with that portion of it which includes and is 
developed from the basic composition 15% chro- 
mium, 8% nickel. 
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In studying the production figures for both 
countries, one significant fact emerges immediately 
-that is, the much smaller use that is made of 
stabilized compositions (compositions immune to 
intercrystalline disintegration) in the United States 
as compared with Britain. It would appear that 
about 5% of the total production is in this cate- 
gory, as compared with a very much higher 
proportion in Britain. There is thus a strong pre- 
sumption that large quantities of unstabilized 
material are still being used in the United States. 
Some of this material must be used in the welded 
condition and, therefore, must be subjected to heat 
treatment before use. Here is the first significant 
point of difference between the two countries, 
since the practice of heat treating such welded 
structures has virtually disappeared in Britain. 

A second difference in practice between the 
two countries can be noted from current specifica- 
tions. In America, the tendency is definitely to 
lower carbon contents and this tendency is now 
being followed in the production of a steel of total 
carbon less than 0.03%. 

A third difference is noted in the group of 
special steels containing molybdenum. These valu- 
able steels have been in use in both countries for 
many years. At the present time, a significant 
proportion of the British production is stabilized; 
little or none of the American production contains 
a stabilizing addition and again resort is had to 
final heat treatment. 

A final difference to be noted lies in the choice 
of stabilizing element. In America, columbium is 
in strong preference; in Britain, the bulk of the 
stabilized material contains titanium. 

This brief summary indicates the major dif- 
ferences in practice between the two countries. 
It is proposed now to examine these differences a 
little more closely. 
































Unstabilized Compositions 





It will be a matter of general agreement that, 
if at all possible, post-welding heat treatment 
should be avoided. At best, in small and simple 
structures and fittings, it is a costly and trouble- 
some business, with its concomitant descaling. At 
worst, in large complicated structures, it is a 
major operation, demanding special equipment 
and close control. To heat a large, unsymmetrical 
fitting to a temperature in the region of 1100°C. 
(2000° F.) and to provide for cooling fast enough 
to prevent carbide separation is an operation not 
to be undertaken lightly. When the added com- 
plication is considered — residual stress caused 
by unequal cooling rates, frequently developing 
into actual distortion — the vigorous prosecution 
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of the research that produced the stabilizing ele- 
ments seems more than justified. This research 
has produced such elements, and their efficiency 
and value have been amply proved by years of 
experience in both countries. In Britain, this 
experience has been interpreted as justifying the 
complete cessation of the post-welding quenching 
treatment and the almost exclusive use of stabi- 
lized compositions for industrial equipment. In the 
United States, this development has not been so 
generally adopted, and in view of the difficulties 
and uncertainties of the alternative procedure, one 
naturally looks for the basis of choice of this 
alternative. 

The principal justification — and perhaps the 
only one — appears to be the results of compara- 
tive corrosion losses in the test that seems to be a 
widely accepted standard of measurement in the 
United States——-the Huey test. Many published 
results of this test show that the water quenched, 
unstabilized material has lower rates of corrosion 
loss than the alternative stabilized material. This 
observation is merely noted at this stage, and will 
be referred to later. A real cost comparison of the 
alternatives is difficult. A direct comparison of 
the monetary cost of the same piece of equipment 
in the two alternative constructions — stabilized 
as against unstabilized and heat treated — may 
show a lower figure for the latter. One might be 
puzzled, however, as to the addition one should 
make to the actual cost in money of the heat 
treated component to cover the risks involved in 
its use. These risks consist of using an internally 
stressed component or a component in which the 
cooling rate in quenching had not been quite so 
high as that employed in the tests on which its use 
was based. On the matter of residual stress it is 
impossible, of course, to follow the quenching 
with stress relieving, for stress relieving would 
necessarily be done at some temperature that 
would produce carbide precipitation. 





Carbon Contents 


A comparison of the specifications in current 
use in the two countries will indicate at once thal 
higher limits of carbon content are tolerated in 
Britain. Such higher limits (up to about 0.16%) 
have been in general use in many industries for a 
number of years. British steelmakers would view 
with some concern any move to force these limits 
to a lower level and would point to the many years 
of satisfactory service given by the steels of higher 
carbon content. In the United States, specification 
limits are set in the region of 0.06 to 0.08%, «nd 
it is possible that these limits meet with no oppo 
sition from the steelmakers. Further, these are no 
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doubt the carbon limits on which a mass of cor- 
rosion data has been accumulated. It may also be 
recorded that, in most steels of the basic commer- 
cia! compositions, higher corrosion losses are 
shown in the Huey test by steels having carbon 
at the British, rather than the American, levels. 


Steels Containing Molybdenum 


For many years American users of austenitic 
steels containing molybdenum were supplied with 
a steel containing no stabilizing element. This 
observation would appear to be true of current 
practice, although there are indications of a change 
in this direction. It is important to note that this 
practice was developed and was in general use for 
some years before research had shown the dangers 
of the sigma phase in this particular composition. 
Before the dangers of the sigma phase were real- 
ized, American practice had developed in_ the 
direction of utilizing the unstabilized steels con- 
taining molybdenum and heat treating the finished 
structures as was done with the simpler, unstabi- 
lized steels. Sometimes the dangers and difficulties 
of the heat treatment were recognized by placing 
limits on the thickness of material that should be 
heat treated. It seems fairly certain that this 
earlier practice was based on the demonstrable 
superiority of the unstabilized material in the 
Huey test. 

It is, of course, now well known that the 
addition of a stabilizing element — either colum- 
bium or titanium — to an austenitic stainless steel 
containing molybdenum strongly increases the 
tendency to sigma formation. If, however, real 
economic advantage derives from the use of the 
stabilized material, this adventitious discovery 
should not be allowed to perpetuate the older 
practice and should not divert attention from the 
possibilities of evolving a composition containing 
adequate molybdenum for satisfactory resistance 
in most recognized environments in which this 
steel is used, a composition effectively stabilized 
and immune to sigma formation in ordinary com- 
mercial production and fabrication processes. 
Much progress in evolving such a steel has already 
been made, a good deal of it in the United States. 


Titanium or Columbium for Stabilization? 


The first element to be successfully and exten- 
Sively used for. stabilization of this class of steel 
was titanium, and many thousands of tons of 
titanium-stabilized 18% chromium, 8% nickel steel 
were used all over the world. Early application 
of the Huey test to this steel showed that its cor- 
rosion losses were higher than those of the plain, 


unstabilized material. These results may well have 
put a brake on expanding use in the United States. 
In Britain, where the Huey test was not used as a 
general performance test, no arrest in development 
occurred, and titanium came into wide, general 
use. Some attempt was made in the United States 
to improve the Huey test performance by applying 
the “stabilizing” heat treatment, but, of course, the 
introduction of a heat treatment into the production 
line was a definite handicap to development. 

In these circumstances, columbium was intro- 
duced as an alternative stabilizing element. Gen- 
erally, it was used with a somewhat higher nickel 
content than was normal for the titanium-stabilized 
steel. The higher content of nickel would counter- 
act the strong ferrite-forming characteristic of the 
columbium, and a steel approaching the single- 
phase structure resulted. Such a steel gives, no 
doubt, a better performance in the Huey test than 
the markedly duplex titanium-stabilized steel. 
Comparison of the two varieties of stabilized stec! 
in a wide range of conditions of corrosion would 
be a valuable contribution to knowledge. Such 
results as are available to the author indicate gen- 
eral similarity in performance, with one established 
condition in which the columbium-stabilized mate- 
rial is superior. Further points to be noted are 
the superiority in creep strength shown by the 
columbium-stabilized steel in certain conditions of 
temperature and stress and its more satisfactory 
behavior in polishing. 

In Britain, the titanium-stabilized steel is still 
widely used and will probably continue to be so 
used, because of its excellent performance for 
twenty years in many industrial applications. At 
the same time, it is recognized that the newer 
columbium-stabilized steel has superiority in a few 
of the conditions in which the two have becn 
compared. There is thus, at the present state of 
knowledge, need for both types. It may be well to 
ask, however, whether the long-term view would 
not be to encourage the use of the element that 
has given good performance over a period of years 
and that is in abundant supply in the earth’s crust, 
rather than a material that may become scarce. 


The Huey Test 


It may be appropriate, at this stage, to set 
down in detail the standards of assessment and 
comparison used in the two countries. 

In the United States, the Huey test is in appar- 
ent general use. This test consists of subjecting 
the steel under examination to contact with boiling 
65% nitric acid for one or more periods of 48 hr., 
under carefully standardized and controlled con- 
ditions. Performance is assessed by loss in weight 
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Increasing use is made of another test, described 
below, both in investigations and in specifications. 

In Britain, the test in general use is the copper 
sulphate — sulphuric acid test first used by W. H. 
Hatfield, but often referred to as the Strauss test. 
The test is used in two ways. If a new and untried 
composition is under examination, the samples are 
subjected for a period of 50 days to the boiling 
CuSO, — H,SO, mixture, the conditions being care- 
fully standardized and controlled. If the material 
under test has a composition within the limits of 
a standard specification — that is, if the composi- 
tion is a proven one — the test is applied for only 
72 hr. In both uses of the test, assessment is by 
bending and microscopic examination. These 
quality tests are always supplemented by direct 
corrosion tests for specific applications, the crite- 
rion in such tests being, of course, loss in weight. 

In comparing the two testing procedures, Huey 
and Strauss, it is important to note that, in both, 
the characteristic of the steel under examination is 
susceptibility to intergranular attack. The actual 
corrosion performance, in the generally accepted 
sense, is not being measured. It must, therefore, 
be assumed in the Huey test, that no corrosion 
will occur except at susceptible grain boundaries. 
The use of a powerful oxidizing material as the 
test medium is some guarantee that this assumption 
is justified and that, further, the rate of corrosion 
at active anodic areas will be accentuated by sup- 
pression of any potential local anodes. Neverthe- 
less, if any corrosion does occur at regions remote 
from grain boundaries (for example, at the site of 
nonmetallic impurities) the loss will be attributed 
to grain-boundary attack and the steel under 
examination will be falsely assessed on this basis. 
The well-known erratic behavior of these steels in 
any corrosion test raises some doubts as to whether 
the assumption of the Huey test is justified in every 
test undertaken. When one has seen, in innumer- 
able corrosion tests, duplicate samples of many 
compositions behave in totally different manner 





when tested in the same solution, one is very chary 
of making any assumption about the corrosion 
behavior of these steels. The copper sulphate - 
sulphuric acid test is not beyond criticism. It js 
confined, however, to examining the performance 
of grain boundaries under searching conditions 
and it attempts to do so by direct tests that are 
confined to assessment of grain-boundary condi- 
tions, without assumption. 


Queries 


The investigator, striving to be unbiased and 
to get the right answers to questions involved in 
the use of these steels, must pose these queries: 

1. What is the justification for the continued 
use of unstabilized steels, with their concomitant 
heat treatment? 

2. In what circumstances is it permissible to 
use unstabilized steel containing molybdenum? 

3. What is the safe upper limit of carbon 
content in stabilized steels? 

4. Is the assumption involved in the use of 
the Huey test valid? Has the test been pushed too 
far as a means of assessment of fitness for general 
industrial use? 


Conclusion 


The author of this article is, naturally, more 
familiar with conditions in his own country than 
those in the United States. For any unjustifiable 
assumptions regarding American practice, he would 
wish to apologize and plead the errors of the 
inquiring stranger. To American friends with 
whom he has discussed some of the difficulties in 
reconciling practice in the two countries it is 
unnecessary to state that he would not presume 
to criticize and is actuated only by a desire for 
the truth; to others he would make this assurance, 
in the hope that a frank exchange of views is the 
best way of resolving differences. ~ 








Abstract of Campbell Memorial Lecture 


By Morris Cohen 

Professor of Physical Metallurgy 
Massachusetts Institute of Technology 
Cambridge, Mass. 


The twenty-third Campbell Memorial Lecture was 
a comprehensive analysis of the theory and data 
concerning retained austenite in steel. This abstract 


emphasizes the main facts about retained austenite, 


but omits the discussion of theorv. 


document will appear in Volume 41 of the @ 


Transactions, to be published early in 1949. 


T IS a familiar fact that austenite decomposes 

into ferrite, carbide, pearlite, bainite, or mar- 
tensite, depending on the conditions of cooling and 
the composition of the steel. Because most of the 
austenite is consumed in the transformation, we 
may often regard it solely as a means to an end. 
However, in the hardening of steel, part of the 
austenite frequently survives the quenching that 
leads to martensite formation, and remains with 
the martensite at room temperature. Such 
retained austenite may have important effects 
on the properties of the steel, both during 
tempering and in later service. 

To treat the problem of retained austenite 
in a fundamental way, we must consider the 
following questions: How does retained austen- 
ite originate? What are the factors governing 
its amount? Why is it so persistent? What 
happens to it during aging af room temperature, 
during cooling below room temperature, and 
during tempering above room temperature? 
How does it respond to stress and strain?* 

In the hardening of steel, the desired trans- 
formation product is martensite. Therefore, the 
steel is cooled fast enough to prevent the austen- 
ite from decomposing into any of the other 





*Epitor’s Nore: In his lecture, Professor Cohen 
did consider all these questions. However, the first 
and last items are largely omitted here. 


The complete 


Retained Austenite 


products, and it is brought to the low- 
temperature range where martensite 
forms. 

Unlike other transformations in 
steel, the martensite reaction cannot be 
suppressed by rapid cooling, and the 
reaction proceeds only while the tem- 
perature is being lowered below Msg. 
The quantitative course of the austenite- 
martensite transformation during cool- 
ing below Mg is shown in Fig. 1, for a 
steel containing 1.1% carbon and 2.8% 
chromium, austenitized at three different 
temperatures. The intercepts on the 
dashed vertical line indicate the amounts 
of martensite and (by subtraction) 
retained austenite at room temperature after these 
austenitizing and cooling treatments. Room tem- 
perature is merely a convenient stopping point 
for the hardening quench in practice. Actually, 
the transformation curves extend smoothly to 


Fig. 1 — Martensite Transformation Curves for Continu- 
ous Cooling of a Steel Containing 1.1% Carbon, 2.8% 
Chromium. Specimens were austenitized at 1550, 1700 and 
1900° F., as indicated. (W. J. Harris and M. Cohen) 
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Fig. 2 —- Effect of Carbon Content on Retained Austenite 
in Plain Carbon Steel. All specimens were austenitized 
above Ac; or A¢m and quenched in water or brine. 


subzero temperatures. Subzero transformation is 
essentially self-stopping; that is, it peters out short 
of completion — even during continuous and rapid 
cooling. Plain carbon and low-alloy steels (0.70 
to 1.25% carbon) stop transforming at about 
—250° F. with from 0.5 to 5% austenite still avail- 
able. High speed steel and high-carbon high- 
chromium steel stop transforming at about —150° 
F. with from 8 to 15% austenite remaining. 


Quantities of Retained Austenite 


Retained austenite contents at room tempera- 
ture range all the way from 100% in the austenitic 
steels down to virtually zero in the plain low- 
carbon steels. Stainless steel of the 18-8 type and 
Hadfield’s steel containing 1.2% carbon, 12.5% 
manganese are the most familiar examples of 


Fig. 3— Effect of Austenitizing Temperature on 
Retained Austenite in a Nickel Steel Containing 
1.1% Carbon, 5.4% Nickel. All specimens were 
austenitized for V4 hr., except as indicated otherwise, 
and quenched in brine at 70° F. (S. A. Kulin) 
4] 
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commercial austenites having M, below room 

temperature. We find from 25 to 35% retained 

austenite in commercially hardened 1% carbon, 

5% chromium die steel, 15 to 30% austenite 

in the 1.5% carbon, 12% chromium die steels, 

15 to 25% austenite in high speed steels, and 

3 to 15% in low-alloy toolsteels. Commercially 

hardened, plain carbon toolsteels retain about 

2 to 10% austenite. 

As shown in both Fig. 1 and 2, the 
quantity of retained austenite depends greatly 
on the dissolved carbon content. It is surprising 
that even in 0.2% carbon steel (brine quenched 
from above A;), we find up to 2% retained 
austenite. 

Effect of Austenitizing Temperature. It is 
well known that the austenitizing temperature 
has a large effect on Mg, and therefore on 

austenite retention, because the composition of 
the austenite changes with increasing carbide (or 
ferrite) solution. This factor is of major impor- 
tance in the commercial heat treatment of high- 
carbon steels, where some of the carbide is 
deliberately left undissolved. 

There is another effect of austenitizing tem- 
perature distinct from that of composition change. 
This phenomenon can be observed particulariy 
well in the 5% nickel steel that we shall use as 
an example. In Fig. 3, we note that the retained 
austenite content continues to increase by a large 
amount even when the austenitizing temperature 
is higher than is necessary to dissolve all the 
carbon. Austenitizing at 1550°F. for 4 hr. dis- 
solves all the carbon in this 1.1% carbon, 5.4% 
nickel steel, and 39% austenite is retained after 
brine quenching. Yet after austenitizing at 1900° 
F. and quenching, there is 70% retained austenite 
without any further change in the composition of 
the austenite. This phenomenon cannot be 
explained by assuming that submicroscopic car- 
bides have dissolved or that concentration gradi- 
ents have been leveled, because the effect is 
essentially reversible. If the steel is first austen- 
itized at 1900° F., then cooled to 1580° F. (above the 
carbide precipitation temperature) and held long 
enough, the percentage of retained austenite gradu- 
ally decreases and overtakes the value that is 
obtained when the steel is austenitized at 1580° F. 
in the first place. 

The decrease in retained austenite after austen- 
itizing above 1900°F. appears to be the result of 
increasing grain size, which favors the formation 
of martensite. The effect is rather small compared 
with the other austenitizing variables and is 
obscured by them, except at the higher tempera 
tures after the other factors have expended them 
selves somewhat. The grain size effect also account: 


Metal Progress; Page 824 





Martensite, Yo 





fo: the fact that, after the steel has been held for 
a ‘ong time at 1580° F. following austenitizing at 
1900° F., the retained austenite decreases below the 
value obtained by direct austenitizing at 1580° F. 


Stabilization 


Figure 4 shows the effect of interrupting the 
hardening quench of a 1.1% carbon, 1.5% chro- 
mium steel for 30 min. at various temperatures 
within the martensite range before further cooling. 
If, for example, the hardening quench is stopped 
at 130° F., the steel contains 51% martensite on 
reaching this temperature. After holding for 30 





The characteristics of this process are shown in 
Fig. 5. In the first place, some isothermal decom- 
position of the retained austenite occurs while the 
steel is at room temperature. This is shown by 
the short vertical line at 68°F. The course of the 
subsequent cooling transformation is shown after 
1, 10 and 50 hr. at room temperature, in comparison 
with the normal transformation for continuous 
cooling through room temperature. It is evident 
that, as a result of the stabilizing process, there is 
a temperature interval for each treatment, down to 
the point labeled M,’, during which no detectable 
transformation occurs. Below M,’, the austenite- 
martensite reaction sets in again, and follows 
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Curves for Continuous and Interrupted 
Cooling of a Chromium Steel Contain- 
ing 1.1% Carbon, 1.5% Chromium. 
All specimens were austenitized at 


1900° F. (W. J. Harris and M. Cohen) 


min., the cooling transformation is completely ’ 


inhibited down to about 115° F., where it sets in 
again and follows parallel to the normal trans- 
formation curve. During the cooling between 130 
(T,, the holding temperature) and 115° F. (M,’), 
approximately 6% of the austenite would have 
transformed to martensite, were it not for the 
stabilizing effect at T,. This 6% remains lost to 
the transformation; thus the curve for the stabilized 
austenite is displaced vertically from the curve for 
the unstabilized austenite by just this amount. 

If hardened steel is aged at room temperature 
before being subcooled, the retained austenite 
becomes stabilized against subzero transformation. 


Stabilization of Austenite, as Shown by Martensite Transformation 
Curves for Continuous and Interrupted Cooling of a 1.1% Carbon Steel. 
All specimens were austenitized at 1450° F. 
holding specimens for 1, 10 and 50 hr. at room temperature before cooling 
to subzero temperature. The 5-values indicate the extent of stabilization. 


Cooling was interrupted by 


nearly parallel to the continuous cooling curve, 
but displaced from it by approximately the amount 
of transformation (6) that would occur between 
room temperature and M,’ if the stabilization had 
not taken place. The curves for stabilized austen- 
ite flatten out at the same temperature as does the 
curve for unstabilized austenite, and this indicates 
that the stabilization does not shift the trans- 
formation curve to lower temperatures. Rather, 
there is an almost quantitative displacement in 
the vertical direction, just as though the percent- 
age of austenite that does not transform on cooling 
to M,’ remains lost to the transformation, even 
when the steel is cooled to temperatures well below 
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M,’. The quantity 5, therefore, is a measure of 
the extent of stabilization. It should be emphasized 
that the amount of isothermal transformation 
taking place at room temperature is much too 
small to account for the stabilizing phenomenon. 

The quantity 6 is larger, and M,’ is depressed 
more, the longer the holding time at room 
temperature. If the hardened steel is aged at 
elevated temperatures, instead of at room temper- 
ature, before refrigeration, the stabilization is even 
more marked and occurs more rapidly. 

Because stabilization depends on both time 
and temperature, it may occur during retarded 
cooling. This explains the fact that oil quenching 
of steel frequently leads to more retained austenite 
than water quenching. Martempering, which 
involves air cooling through the martensite range, 
results in still more retained austenite. 

When the austenite is highly alloyed, the tend- 
ency toward stabilization becomes so marked that 
it can occur even in the absence of martensite. 
For example, in certain high-carbon high- 
chromium steels, stabilization sets in if the cooling 
rate in approaching Msg is retarded ever so slightly; 
the steel must be cooled extremely fast to prevent 
M, from being depressed by stabilization. 


Bainite Formation Below M,; 


When the cooling of steel is interrupted at 
some temperature below Msg, any austenite that 
has not transformed to martensite becomes avail- 
able for isothermal decomposition to bainite. 

Above Mg, the rate of bainite formation 
decreases with decreasing temperature in accord- 
ance with the well-known TTT-curve. Just below 
Mg, the bainite reaction is accelerated by the 
co-existing martensite, but this stimulating effect 
fades out at longer times and at lower temper- 
atures. Near room temperature, the retained 
austenite is so sluggish with respect to bainite 
formation that bainite does not form in any detect- 
able amount for thousands of hours. At these low 
temperatures, retained austenite is remarkably 
persistent. 


Tempering 


Aging at Room Temperature. Some of the 
retained austenite in hardened steel does decom- 
pose during aging at room temperature. We 
referred to this briefly in connection with Fig. 5, 
when it was mentioned that the amount of trans- 
formation at room temperature is much too small 
toaccount for the stabilizing phenomenon. Though 
slight, this transformation at room temperature is 
nevertheless extensive enough to cause dimensional 





changes, and these dimensional changes are some- 
times great enough to impair the accuracy of 
gages made from a steel that contains a few per 
cent of retained austenite after tempering. 

The room-temperature decomposition of 
retained austenite starts as soon as the stee| 
reaches the temperature of the quenching medium, 
and continues for many weeks. Usually, however, 
less than 5% of the austenite transforms, and 
about half of that during the first two hours after 
the quench. The rate of this reaction is quite 
insensitive to the aging temperature; it proceeds 
at about the same rate anywhere between 32 and 
200° F. 

Tempering at Elevated Temperatures. Above 
about 250°F., the product of retained austenite 
decomposition is exactly the same as the product 
that forms isothermally from primary austenite 
at the same temperature. However, the rate of 
decomposition of retained austenite is usually 
affected by the co-existing martensite. For instance, 
the time for the completion of the bainite reaction 
is shorter for retained austenite than for primary 
austenite in the same steel. The TTT-curve for 
transformation of retained austenite shows a bain- 
ite “nose” at the same temperature as for trans- 
formation of primary austenite, and there is 
similar correspondence in the carbide precipitation 
and the formation of pearlite from retained and 
primary austenites of similar composition. 

Cooling From the Tempering Temperature. In 
tempering, we are concerned not only with the 
products of transformation at the tempering tem- 
perature, but also with reactions during cooling 
from the tempering temperature. Not all the 
retained austenite transforms during tempering, 
but something important may happen to the part 
of it that does not transform. For instance, when 
18-4-1 high speed steel is tempered for 1 hr. at 
600° F., there is no detectable transformation, but 
stabilization occurs and no martensite forms dur- 
ing subsequent cooling to —300°F. However, if 
this steel is tempered at 1050°F., My,’ is raised 
from room temperature to 470°F.; that is, the 
retained austenite can transform to martensite 
during cooling from the tempering temperature. 
Carbide precipitation, which decreases the carbon 
content of austenite at the tempering temperature, 
helps to raise M,’ but it is not the only factor in 
“conditioning” the austenite to transform. In the 
nickel steel of Fig. 3, conditioning may occur even 
at temperatures where carbides cannot possibly 
form. The phenomenon becomes more pronounced 
in the presence of increasing amounts of martens- 
ite, and this accounts for the fact that multiple 
tempering converts more retained austenite than 
single tempering for an equal length of time. @ 


Metal Progress; Page 826 










By John E. Wakefield 
Metallizing Engineering Co., Inc 
Long Island City, N. Y. 


Like powder-metal compacts, sprayed metal coat- 
ings are porous. An understanding of the effect 
of this porosity on the properties and limitations of 
the sprayed metal is essential to a proper use of the 
versatile metal-spraying process in engineering ap- 
plications. Included here are some new data con- 
cerning the hardness and coefficient of friction of 
carbon steels sprayed by the wire-gun method, and 
some examples of the limitations and advantages 


of metal spraying in production manufacturing. 


EVERAL DIFFERENT METHODS have been 
used for spraying metal coatings by means of 
compressed air. The most widely used method — 
and the only one discussed here—employs the 
so-called “wire gun”. Figure 1 shows the action 
at and beyond the gas head of 
a wire-gun metal-spraying unit. 
Wire is moved into the head con- 
tinuously by means of an air- 
activated turbine. As the wire 
passes into the center of the cir- 
cular flame, it is melted and the 
molten metal is sheared off by 
the hot gases surrounding it. 
Metal leaves the gun in the 
form of minute molten globules 
or spheroids. All but 5 to 10% 
of them are still molten when they 
strike the work. Their heat and 
force cause them to flatten out, 
almost to spatter on the base. 








wire 







Air Cap 
Wire and Gas Nozzle 


December, 1948; Page 827 


Sprayed Metal Coatings — Their 


Structure, Properties and Uses 


Because the work is at room temperature 
when metal spraying is started and each 
particle is surrounded by a large volume 
of cool air, the molten globules solidify 
almost instantly. This instantaneous 
cooling precludes any significant amount 
of alloying of the sprayed metal to the 
base. Only chemical adhesion and 
mechanical anchorage can cause the 
sprayed metals to stick to the base. 

On nonmetallic bases such as wood, 
plastics and fibrous materials, adhesion 
is necessarily mechanical. However, on 
metallic bases chemical forces probably 
have some influence in the bonding 
During the time of flight of a molten 
spheroid (about 0.001 to 0.01 sec.), a thin 
film of oxide is formed on the liquid 
metal. When the globule strikes the 
work and flattens, its surface area is 
greatly increased; the thin film is rup- 


tured; and unoxidized metal is exposed. It is well 
known that some metals and their oxides adhere 
very tenaciously to each other. The same type of 
adhesion may be a factor in the bonding of the 
slightly oxidized, sprayed particles to a metal base. 


Fig. 1 — Section Through the Nozzle of a Wire-Type Metal-Spraying Gun 
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Most early research on metal spraying was 
directed toward the improvement of equipment 
and techniques. In recent years, however, the 
sprayed metals themselves have been investigated. 
The sprayed deposit consists of the flattened par- 
ticles of metal, plus oxides and voids. The prop- 
erties of the deposit are influenced significantly by 
both the oxides and the voids. 


Porosity of Sprayed Metal 


The most obvious property of sprayed metals 
is porosity. Density (specific gravity) is an 
inverse measure of porosity. Table I lists the 
densities of some common sprayed metals and the 
percentage densities referred to the same metals 
in the original wire form. 


Table I — Density of Sprayed Metals 











SPRAYED METAL DENSITY Yo OF WIRE 
Aluminum 2.41 90 
Zine 6.36 89 
Tin 6.43 88 
Tin-base babbitt 6.67 87 
Copper 7.53 84 
Yellow brass 7.44 88 
Commercial bronze 7.00 86 
Manganese bronze 7.26 85 
Phosphor bronze 7.68 86 
Nickel 7.55 85 
Monel 7.67 | 87 
Iron 6.72 85 
0.10% carbon steel 6.67 85 
0.25% carbon steel 6.78 86 
0.80% carbon steel 6.36 81 
18-8 stainless steel 6.93 88 
12% chromium steel | 6.74 87 








Porosity is both an advantage and a disadvan- 
tage. For protection against corrosion, porosity 
limits metal spraying to metals that are anodic to 
the base. Thus zine and aluminum, which are 
high in the electrochemical series, protect iron and 
steel in spite of slight porosity. Because zine and 
aluminum are soft, their coatings are less porous 
than those produced from metals of higher melt- 
ing point. Metals that are cathodic to iron and 
steel—- or some other base — are virtually elimi- 
nated from consideration unless the pores in the 
sprayed coating can be sealed. 

In mechanical applications, porosity may be 
advantageous, particularly for surfaces that must 
be lubricated. Sprayed metals run with appreci- 
ably less friction than the same metals in cast or 
wrought form. There are two reasons for this: 
(a) The irregularities in a sprayed metal surface 


Table II — Coefficients of Friction of Sprayed Stee! 























COLLOIDAL- 
| PLAIN OIL GRAPHITED OIL 
OS Ee ee eee: Memo tae 
Ps! HARDENED! Sprayep | HARDENED! SPRAYED 
| STEEL STEEL STEEL | STEEL 
445 ft. per min. 
250 0.0107 | 0.0030 | — 0.0021 
300 | 0.00635 | -— 0.00255 — 
400 —_ | 0.0095 | 0.00675 
500 0.160 — — — 
550 | 0.0201 0.0124 | 0.0200 0.0097 
700 _ 0.0152 | -_ | 0.0117 
750 — — 0.0248 | ~ 
800 0.0224 — | _ — 
900 | 0.0286 0.0174 | | 0.0132 
1000 0.02175 0.01865 -_ | 0.0136 
1050 — — 0.0236 | 
1200 _ _ 0.02375 | _ 
1250 — | 0.0184 — | 0.0136 
1300 one . 0.0234 | _ 
1400 oe | 0.0174 _ 0.0128 
1600 — | 0.01785 | 0.0120 
1850 — 0.0183 | 0.0112 
2000 | 0.0179 | 0.0103 
261 ft. per min. 
200 _ | 0.0067 | 0.0057 
250 0.0061 — 0.0076 — 
550 0.01315 | 0.0111 | 0.01175 0.0098 
750 oo | 0.0147 7 
800 0.0169 . ~_— 
850 — _ 0.0112 | 0.0102 
1000 0.0183 | 0.0149 -_ | ' 
1150 _— —_ 0.0093 | 0.0078 
1250 0.0176 | 0.01525 . — 
1450 sae en 0.00865 | 0.0061 
1500 _ 0.0140 
1550 | 0.0160 — 
1750 | aa 0.0152 , = 
1800 | 0.0156 0.0074 0.0039 
2000 | 0.0153 | 0.01505 | 0.00745 | 0.0029 
27 ft. per min. | 
200 | 0.0102 0.00745 0.0088 0.0057 
550 | 0.02485 | 0.0195 | 0.0209 | 0.0175 
800 | 0.02475 0.0182 0.0202 | 0.0156 
1000 | 0.0276 | 0.01875 | 0.0222 | 0.0162 
1300 | 0.0318 | 0.0200 0.02525 | 0.0169 
1500 0.03125 | 0.02025 0.0250 0.0161 
1750 0.0331 0.02125 0.0265 0.0147 
2000 0.0352 0.0220 0.0292 0.0143 





, 








provide spaces for the metal particles that are 
inevitably dislodged during the wearing-in proc- 
ess, and (b) the pores absorb and hold appreciable 
quantities of oil. Table Il shows a comparison ol 
the coefficients of friction of sprayed steel (1.2% 
C) and of hardened wrought steel (1% C) for 
various loads and speeds and under two different 
conditions of lubrication. In these friction tests, 
the steels were run against a tin babbitt. 
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Table III — Tensile Properties of Sprayed Metal 














TENSILE STRAIN, 

METAL STRENGTH, % INCREASE 

Ps. In LENGTH 
18-8 stainless steel | 30,000 0.27 
12% chromium steel | 40,000 0.50 
Iron 28,000 0.25 
0.10% carbon steel 30,000 0.30 
0.25% carbon steel 34,700 0.46 
0.80% carbon steel 27,500 0.42 
Aluminum 19,500 0.23 
Aluminum + 6% Si 37,000 0.54 
Phosphor bronze 18,000 0.35 
Zinc 13,000 1.43 








Tensile Strength 


In the earliest attempts at testing the strength 
and ductility of sprayed metals, bases of known 
strength were sprayed with a coating and the 
composite piece was tested. Results were highly 
variable and of doubtful significance. More 
recent tests have been made in quite a different 
way so as to measure the deposited metal itself. 
A coating of predetermined thickness is sprayed 
onto a bar, and the bar is then pressed out, leav- 
ing a tube of sprayed metal. Then the tube is 
pulled in the tensile test. This was essentially the 
method used to obtain the values of strength and 
elongation listed in Table III. 

As might be expected of an aggregate consist- 
ing of metal, oxides and voids, the tensile 
strength of sprayed metal is generally 
lower than that of cast or wrought metal. 





the base must provide the strength of the part; a 
thin coating of sprayed metal on the wearing sur- 
face will add virtually nothing to the strength. 
Except in the aircraft industry, where overload 
and wear allowances must be held to a minimum 
because of the need for minimizing weight, wear 
allowances are usually more than ample to permit 
surfacing or resurfacing with sprayed metal. 


Hardness 


With sprayed metals, indentation hardness 
tests like Rockwell measure principally porosity 
and to only a limited extent the hardness of the 
sprayed particles. In this respect, sprayed metals 
are comparable with sintered compacts made from 
metal powders. 

Hardness tests, of course, are useful for com- 
parison of sprayed metals with each other. Table 
IV presents such a comparison. The values listed 
should not be interpreted as criteria of the wear 
resistance of the metals. Sprayed 0.80% carbon 
steel, for example, though testing Rockwell C-37, 
will invariably outwear wrought 0.80% carbon 
steel that has been hardened and tempered to 
Rockwell C-50. The 12% chromium stainless steel, 
sprayed on pump sleeves, rods and cranks, has a 
hardness of only Rockwell C-31 to C-33; however, 
it cannot be machined readily —not even with 
carbide tools. 

The high resistance to wear of most sprayed 
metals can be attributed mainly to porosity. 


Table IV — Rockwell Hardness of Sprayed Metals 























However, it is higher than was at first caiaahi 
. 7 \ RocK WELL Ml Rock WELL 
believed. With sprayed metal, the tensile METAL 58 soeeemne METAL 5 omnemnen 
test measures particle adhesion almost — TT i 
exclusively, and the structure of the Aluminum | H-72 Tobin bronze F-78 
* , i nd | vs: a - 
coatings necessarily limits elongation. a po aa ap 
. . , . 

It will be noted from Table III that Tin-base babbitt H-58 Iron | B80 
strengths for sprayed steels vary from Lead-base babbitt H-11 0.10% carbon steel | B-90 
27,000 psi. for 0.80% carbon steel to Copper F-78 0.25% carbon steel | B-94 
40,000 psi. for a 12% chromium stainless Commercial bronze F-68 0.80% carbon steel | C-38 
A , Manganese bronze F-76 18-8 stainless steel B-79 
sees cuntler “ Type <8. The alloy Phosphor bronze F-75 12% chromium steel C-32 
containing 94% aluminum and 6% sili- | 


con is stronger in the sprayed state than 

in other forms. For example, this alu- 

minum alloy sand-cast has a tensile strength of 
20,000 psi.; die-cast, 30,000 psi.; but when sprayed, 
37,000 psi. 

The strength of sprayed metal may be so low 
as to prohibit its use in some applications. It 
would, for example, be entirely unsatisfactory to 
cut threads in a sprayed coating. Similarly, 
sprayed metal cannot be used as a race for ball or 
roller bearings. In most mechanical applications, 
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Porosity causes a decreased contact area and 
permits the sprayed metal to absorb and hold 
oil. These two qualities reduce friction appre- 
ciably. The hardness of the sprayed metal also 
influences friction. 

Hardness Variations--The hardness of 
sprayed metal coatings depends on the spraying 
technique. Tor instance, variations from a normal 
flame setting (ratio of oxygen to the fuel gas) 











affect hardness, particularly in steels, as shown 
in Fig. 2. Similarly, varying the distance at which 
the gun is held from the workpiece (usually from 
5 to 6 in.) will affect the hardness of some 
sprayed metals. Figure 3 shows typical curves for 
the 0.10, 0.25, and 0.80% carbon steels. Varia- 
tions in the distance that the wire is extended 
beyond the gun for melting also affect the hard- 
ness. Normally, the melting tip is visible from 


rims or tires, or on roller or ball bearing races. 
Similarly, roll surfaces, where the load is 
extremely heavy as in steel-mill rolls, are not a 
suitable base for the coatings. However, the rolls 
used in some other industries, such as paper, tex- 
tile and printing plants, have no such excessive 
loads to bear. In these industries and some others, 
rolls can be sprayed with stainless steel, bronze or 
monel to considerable advantage. 
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Fig. 2, 3 and 4 — Effects of Variations in Spraying Technique on the Hardness of Sprayed Steel 


#s to % in. beyond the barrel of the gun, depend- 
ing on the metal being sprayed. Figure 4 indicates 
that the hardness of sprayed carbon steels 
increases as the wire is melted off farther and 
farther outside the gun. 


Limitations and Advantages 


Inherent in the structure and properties of 
sprayed metals are both the limitations and the 
advantages of metal spraying as a process. Some 
of both have been mentioned in the discussion of 
individual properties; they are summarized here 
with specific examples. 

Limitations — Because of low elongation and 
the type of bond, sprayed metals should not be 


used where they will be subjected to direct impact. 


There are very few surfaces in machines where 
such a condition of impact exists in service; one 
such place is a valve seat in an internal com- 
bustion engine. 

Low elongation and reduced tensile strength 
do not permit sprayed metals to withstand rolling 
action. Hence, they should not be used on wheel 
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Cathodic coalings have already been men- 
tioned as being unsatisfactory in many instances. 
However, lead and tin coatings can be used for 
some purposes, because they are relatively soft 
and can be sealed by shot-blasting at reduced blast 
pressures, using round steel shot. The blasting 
pressure is usually about half that commonly used 
for other types of blasting. 

Advantages — The largest single advantage in 
spraying metals appears to be the versatilily of the 
process: Any metal that can be made in wire form 
and melted in the flame can be sprayed,* and the 
selection of base materials that will accept sprayed 
metul is almost unlimited. Wood, paper, plaster, 
cloth and fibrous materials can be coated. Further- 
more, these nonmetallic bases generally need no 
preparation except thorough cleaning. [l’lastics, 
glass and ceramics will also take sprayed coalings. 
For metal bases, there is almost no limit, becuuse 
metals can be prepared to receive the couting in 
several different ways, depending on operuling 





* *Eprtor’s Note: The powder method of spraying 
(not discussed in this article) is particularly sustable 
for metals not readily produced in the form of wire. 
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conditions, loads, thickness of coating desired and 
the mechanical properties of the base itself. 

Second in importance is the speed of modern 
metal-spraying guns. The unit illustrated in Fig. 
5, for example, melts and sprays ,,-in. wire and 
attains practical speeds of deposition varying from 
20 lb. per hr. of carbon steel or stainless steel to 
about 130 Ib. per hr. of lead. 

The third advantage of metal spraying is the 
low temperature of the work during the process. 
It has already been pointed out that the particles 
of metal are extremely small, as sprayed, and are 
surrounded by cool air. As a result of this, the 
temperature of the base material is seldom raised 
above 200° F., and when desired, can usually be 
kept well below that temperature. 

The reduced friction of sprayed metal coat- 
ings has been discussed in preceding paragraphs. 


Applications 


Present production applications fall into three 
main categories—electrical, protective and 
mechanical. 

Electrical — Probably the largest single appli- 
cation for metal spraying in the electrical field is 
the spraying of carbon products with copper. 
Carbon needs no preparation; sprayed copper 
adheres to it readily. The sprayed copper is excel- 


Fig. 6 — Radio Circuits Sprayed Through a Stencil 


lent for contact purposes and also permits the 
soldering of metallic conductors to the carbon. 

Another large application in this field is the 
use of aluminum for condensers, resisters and the 
like. Here, the aluminum is sprayed onto cloth or 
paper, or some other fibrous material. 

Electrical circuits are being sprayed on glass, 
ceramics and plastics of several kinds. Figure 6 
shows radio circuits sprayed onto a dielectric 
material through a stencil. A particularly prom- 
ising technique for this application involves the 
molding of grooves in the panel before spraying. 


Fig. 5 — Wire-Type Metal-Spraying Unit Mounted on the Tool Post of a Lathe. This type of gun is used for 
production applications where many pieces or large surface areas of one piece are conveyed past the spraying unit. 





Fig. 7 — Mild Steel Base (bottom) Sprayed With Undercoat 
(white central band) and 0.10% Carbon Steel (top). 100X 


Mechanical — The possibilities of sprayed 
metal for the production of mechanical parts 
seems to have lagged behind other applications. 
However, one particular example concerning a 
turbine shaft wilh indicate a type of application 
that might be investigated more fully. On this 
turbine shaft, there are only four surfaces that 
are subject to the combination of wear and corro- 
sion. To use stainless steel for the entire shaft 
would be expensive, both for material and machin- 
ing. These costs were reduced substantially by 
using mild steel for the shaft and protecting the 
critical areas with sprayed stainless steel. With 
the particularly favorable lubricating qualities of 
sprayed metals, a similar selective application 
might be feasible for shafts subject to excessive 
wear, or shafts that are difficult to lubricate. 

One other interesting development is worthy 
of mention in connection with the mechanical 
field. Out of present research has come the dis- 
covery of a material that, when sprayed, bonds 


. 


itself to most metals without any preparation 


except cleaning. It has already been used as a 
bonding undercoat on many mechanical parts 
(Fig. 7). The importance of this undercoat is that 
it reduces greatly the amount of mechanical] 
preparation recommended heretofore. 

This new material (containing more than 
50% molybdenum) bonds readily to magnesium 
and aluminum. Hence, it opens up the intriguing 
possibility of using the light metals for parts that 
have not been practical in the past. For example, 
it is possible to apply the bonding undercoat to 
magnesium and then to apply a coating of 0.004 to 
0.005 in. of copper, on which soldering may be 
done. Or a hard, wear resistant metal such as 
12% chromium stainless steel can be sprayed over 
the undercoat on magnesium or aluminum. 

Protective —In the field of corrosion protec- 
tion, particularly of iron and steel products, there 
are a number of practical possibilities, mainly for 
zinc and aluminum. Protection of the finned 
barrels of aircraft engine cylinders is the best 
known application of this kind. At the peak ol 
production, hundreds of thousands of pounds of 
aluminum were sprayed for this purpose. 

Figure 8 illustrates another protective job on 
which metal spraying has proved effective. Stee! 
caps for safety shoes are sprayed for two reasons 
One, of course, is protection against corrosion. 
The other is to prevent sparking if a metal object 
should strike the steel cap. Around gas plants, oil 
refineries and powder operations, this is important. 

Speed nuts, lock nuts, and such parts have 
been metal sprayed in tremendous quantities. © 


Fig. 8 — Commercial Bronze Being Sprayed Onto Steel Caps for Safety Shoes 
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By J. M. Crockett 
Technical Sales Div. 
Air Reduction Co. 
New York 


Nitrogen, helium and argon are being used in- 


Nitrogen and the Rare Gases 


Some Industrial Uses of 


hydrogen gas may become trapped in 
the solidifying metal, causing porosity 
in the casting. 

There are several means of elim- 
inating dissolved hydrogen from molten 


creasingly for flushing hydrogen from liquid metals metals. One method that is gaining 


and for protective atmospheres in heat treating. 
In inert-gas-shielded arc welding, argon or helium 
is used to exclude the oxidizing air from the elec- 


trode, the arc and the weld puddle. All of these 
applications are discussed in the present article. 


HE INDUSTRIAL APPLICATIONS of nitrogen 

and the rare gases are based on the chemical 
inertness of these gases. Although nitrogen is not 
an inert gas under all conditions, it is used where 
oxidizing or reducing gases would be detrimental. 
Processes utilizing argon, helium or nitrogen are 
varied, and the applications of these gases are 
growing. This growth can be illustrated best by 
considering some of the recent developments in 
metal refining, welding, and protective atmospheres. 


Metal Refining 


It is often difficult to produce porosity-free 
castings from certain metals and alloys because of 
hydrogen dissolved in the molten metal. Figure 1 
illustrates the solubility of hydrogen in aluminum, 
iron and nickel.* If, during melting and refining, 
more hydrogen is dissolved by the molten metal 
than the solid metal will hold, the excess hydrogen 
will be liberated as the metal cools. Thus, the 

*Epitor’s Note: Recent data concerning the sol- 
ubility of hydrogen in liquid and solid aluminum and 


some considerations regarding the flushing of liquid 
aluminum are reviewed in the abstract on p. 892. 
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increasing recognition is flushing the 
molten metal with a dry, inert gas in 
the furnace, before casting. 

The flushing process consists of 
bubbling an inert gas slowly through 
the molten metal. The action of the 
flushing gas in removing the dissolved 
hydrogen is purely physical. The rising 
bubble of inert gas as it is liberated from 
the flushing tube is free from hydrogen. 
Since there is a definite pressure of hydrogen in 
the molten metal, the hydrogen diffuses from the 
metal into the inert gas bubble, and is carried from 
the metal and released into the atmosphere when 
the bubble breaks through the surface of the bath. 
Thus, the hydrogen is literally swept from the bath. 
The inert flushing gas does not dissolve in the 
metal, but passes off harmlessly. 

The gases generally used for flushing are 
nitrogen and argon. Because nitrogen is cheaper 





Fig. 1 — Solubility of Hydrogen as a Function 
of Temperature in Aluminum, Iron and Nickel 
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and more readily available, it is used wherever it 
will not react with the metal or with one of the 
alloying constituents. 

The equipment required for flushing is simple; 
only a regulator, a hose, and an injection pipe are 
necessary. The flushing action in molten aluminum 
is shown in Fig. 2. The nitrogen is injected at a 
low pressure, so as to produce a gentle bubbling 








is in developing suitable injection devices that wil) 
not be dissolved by the steel bath. Theoretica) 
considerations of the flushing process indicate that 
the smaller the bubble size the greater the efficiency. 
Therefore, if proper means for diffusing the flush- 
ing gas in molten steels can be obtained, certain 
other defects, such as flaking, which are also attrib- 
uted to dissolved hydrogen, may be eliminated 


Fig. 2 — Flushing Aluminum With Nitrogen in a Crucible. The flushing tube is in the center. 


action. In large plants the gas is supplied from 
manifolds or bulk-delivery units and piped to the 
various furnaces. In addition to removing dis- 
solved gas and preventing porosity in aluminum 
‘astings, flushing with nitrogen floats nonmetallic 
particles to the surface of the metal and thus helps 
to produce clean aluminum. 

Figure 3 shows samples cast from a heat of 
stainless steel. The porosity resulting from dis- 
solved hydrogen is conspicuous in the casting on 
the left. By flushing the heat with argon, enough 
hydrogen was removed so that sound castings with 
normal shrinkage were produced, as shown in the 
sample on the right in Fig. 3. Because nitrogen 
gas may react with steel at refining temperatures, 
argon is used for flushing. 

Laboratory and field development work in the 
flushing process is active. The principal problem 


Nitrogen is also being used to some extent in 
refining secondary aluminum. When magnesium 
is removed commercially from molten aluminum, 
a chemical flux is used which reacts with the 
magnesium. This flux may be shoveled onto the 
molten bath and rabbled with hand tools, or it may 
be injected into the bath, using nitrogen as a 
carrier. The advantage of using nitrogen is thal 
a faster reaction is obtained between the flux and 
magnesium. In addition, the agitation of the 
nitrogen keeps the furnace refractory more nearly 
free from dross, and thus prolongs the furnace life. 


Inert-Gas-Shielded Arc Welding 


At the high temperatures in unshielded arc 
welding, the metals being welded may react with 
the atmosphere surrounding the heated area. This 
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may cause undesirable 
inclusions in the weld, 
and surface discoloration. 

The welding of some 
aluminum and magnesium 
alloys by the conventional 
metal-arc process has 
been difficult or impos- 
sible because of the high 
affinity of the metal for 
oxygen or nitrogen in the 
air. This difficulty has 
been lessened by using 
chemical coatings on the 
electrodes that provide 
some shielding when the 
electrode is melted in the 
arc. These coatings also 
form slag that helps to 
remove undesired inclu- 
sions from the weld and 
provides a protective layer 
over the hot welded area. 

Although metal-arc 
welding is, in general, 
still the best process for 
joining mild steel, stain- 
less steel and many cop- 
per and nickel alloys, a comparatively new welding 
process that uses an inert gas shield supplements 
the older process and widens the field of application. 

In inert-gas-shielded arc welding,* the heat 
of fusion is derived from an arc between a non- 





*Epitor’s Note: Two other, newer welding proc- 
esses that use inert gas for shielding are described in 
the abstracts on p. 886 to 890 in this issue. One of 
these new processes, inert-gas-shielded metal-arc weld- 
ing, is similar to conventional gas-shielded arc welding 
but uses a consumable filler wire instead of a non- 
consumable tungsten electrode. The other new proc- 
ess, inert-gas-shielded-arc spot welding, produces a 
spot weld by fusion only, from one side of the joint. 
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Fig. 3 — Samples Cast From a Heat of Stain- 
less Steel. The sample at the left was taken 
before the molten metal was flushed. The one 
on the right was taken from the same heat 
after the liquid metal was flushed with argon. 









Fig. 4— Water-Cooled Electrode Holder for Use in 
Manual Welding by the Inert-Gas-Shielded Arc Method 


consumable electrode 
(usually tungsten) and the 
work; and the electrode, 
the arc and the weld area 
are shrouded by an inert 
atmosphere (either argon 
or helium) supplied 
through the electrode 
holder (Fig. 4 and 5). 
Argon and helium are 
completely inert and give 
excellent protection to 
the weld area; the result- 
ing welds are therefore 
free from inclusions. No 
flux is necessary, and 
there is no slag to remove 
or to become trapped in 
the solidifying weld. 
Inert-gas-shielded arc 
welding not only protects 
the metal during welding 
but also gives welds of 
better appearance and 
permits faster welding. 
Inert-gas-shielded are 
welding is popular for 
welding aluminum and 
magnesium. These metals are difficult to weld 
because of the refractory oxides that form during 
conventional welding and because the use of 
special chemical coatings or fluxes is necessary 
to obtain satisfactory welds. Welds made in these 
metals by the shielded-arc process are made with- 
out flux, since the inert gas (argon or helium) 
protects the molten metal from oxidation.? 
Stainless steels and copper and nickel alloys 
are also being joined successfully by inert-gas- 
- +Epitor’s Nore: For a report concerning the avail- 
ability and use of high-purity helium (99.8% pure) 
for the welding of aluminum, see p. 848 in this issue. 








Fig. 5 — Ceramic Cap Around Electrode 
to Direct the Flow of the Shielding Gas 
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shielded arc welding, without the use of fluxes. At 
present, the principal application for gas-shielded 
welding with these metals is on material thinner 
than about ,’; in., for which the speed of welding 
is exceptionally high. Generally the cost of finish- 
ing (grinding or machining) the weld is less 
because the area involved is smaller than when 
the weld is made by some other process. 
Inert-gas-shielded arc welding is still a rela- 
tively new process and its usefulness is expanding. 


Protective Atmospheres 


Protective atmospheres are used to minimize 
or prevent oxidation and to exclude undesirable 
gases from material during processing. Obviously 
these applications are most widespread in the 
chemical and metal industries, and the results 
desired will dictate the gas and purity of the gas 
to be used. 

Although for many purposes an atmosphere 
produced by burning a fuel gas with a limited or 
controlled supply of air is completely satisfactory, 
special products require gas compositions that can 
be met consistently only by using the rare gases 
or commercial nitrogen as the protective atmos- 
phere. For example, in heat treating steel, it is 
often necessary to prevent surface oxidation or 


decarburization, or both, during the heat treating - 


cycle. Commercial nitrogen is now being used in 
several large-scale operations to achieve results 
that could not be obtained by the more common 
protective atmospheres, such as combusted fuel 
gas (purified or unpurified), reacted fuel gas, or 
dissociated ammonia. 

High-Carbon Steel—-The chemistry of pro- 
tective carbonaceous atmospheres is complex, par- 
ticularly when steel is the metal being heated. It 
is not enough to provide an inert atmosphere, for 
a steel heat treated in pure nitrogen will oxidize 
some because the adsorbed oxygen present on the 
surface of the steel will react with the metal dur- 
ing the heat treating cycle. Consequently, when 
nitrogen is being used as the basis of a heat treat- 
ing atmosphere, it is usually desirable to add a 
small amount of active reducing gas. One example 
of such a modification of nitrogen is the atmos- 
phere used for heat treating high-carbon steels, 
especially those used for bearings. Here the steel 
must be heat treated without depleting the carbon 
content of the surface, for if decarburization 
occurs, the surface of the bar or rod will be too 
soft and will have to be ground or further proc- 
essed to remove the unsatisfactory surface. Nitro- 
gen with a small amount of propane is an excellent 
atmosphere for high-carbon steels. For other 
steels, the nitrogen is first passed through hot 


charcoal to convert the residual oxygen to carbon 
monoxide. By use of these nitrogen-base atmys- 
pheres, economies in final surface preparation of 
high-carbon steel may offset the higher initial cost 
of the nitrogen, as compared with generated 
atmospheres. 

Cold Rolled Steel Strip for Tin-Plate — The 
composition of the atmosphere used in the bright 
annealing of cold rolled steel strip is one of the 
important factors in producing electrolytic tin- 
plate. Electrolytic tin-plate made from steel that 
has been annealed in an atmosphere of nitrogen 
and a few per cent hydrogen is superior to electro- 
lytic tin-plate produced from strip annealed in the 
conventional atmosphere generated from fuel gas. 
Although the exact reason for this difference is not 
known, the fact has been confirmed in the labo- 
ratory and by plant operations. 

The nitrogen-base annealing atmospheres 
have an added advantage, because the composition 
can be controlled merely by adding the desired 
amounts of active reducing gas. The result of 
using such a mixture is that the amount of oxygen 
or oxidizing compounds in the gas is very low. 
Therefore, the concentration of active reducing 
constituents need be only high enough to react 
with adsorbed oxygen or with oxygen that may 
diffuse into the furnace. With active reducing 
gases held below 2 or 3%, the gas mixture is safe 
and nonexplosive and can be used for the whole 
cycle. 

The close control of gas composition becomes 
important where long annealing cycles are used. 
The desired surface condition is achieved by add- 
ing to nitrogen fixed volumes of active reducing 
gases, such as hydrogen or propane. This positive 
control of the entering gas, where the purpose of 
the atmosphere is to prevent oxidation or decarbu- 
rization, is desirable and eliminates the necessity 
of checking the gas in the furnace itself by gas 
analysis for control. However, in applications 
where carbon is added to the steel by means of the 
atmosphere, as in gas carburizing, it is desirable 
to use generated gas with high percentages of 
active reducing gases to facilitate cuntrol through 
gas analysis. 

Ductile Titanium — The rare gases are not used 
much as protective atmospheres except for lab- 
oratory work. However, in the manufacture ol 
ductile titanium pure helium is often used as an 
atmosphere. Titanium metal reacts to form chem- 
ical compounds with both oxygen and nitrogen 
and readily dissolves hydrogen at elevated tem- 
peratures. Consequently, the reduction of titanium 
compounds to titanium metal, and the subsequent 
treatment of the metal powder are done in a helium 
or argon atmosphere or in a vacuum. =) 
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By D. W. White* 
Sylvania Electric Products, Inc. 


Bayside, N. Y. 





edge” test, determines the ability of a wire to 
withstand tension over a relatively sharp knife 
edge of known radius of curvature while being 
rotated about its longitudinal axis. Straining the 


specimen in this way will cause fracture of a 


fissured wire but not of a flawless one. 


is being used in the factory for the quality control 
inspection of semifinished tungsten wire for lamp 


filaments. It should be applicable to other wire also. Fig. 1 


OR MANY USES wire must be free from longi- 
tudinal cracks, seams or fissures. This is par- 
ticularly true of fine tungsten wire used in the 
making of lamp and vacuum tube filaments, in 
which stresses other than pure tension are likely 
to exist during processing and operation. Longi- 
tudinal fissures such as shown in Fig. 1 inevitably 
cause premature failure of the filament. 
Heretofore there has been no feasible test by 
which wire containing fissures could be segregated 
from wire that was free from such defects. Conse- 


*Now research metallurgist, Knolls Atomic Power 
Laboratory, General Electric Co., Schenectady, N. Y. 

Dr. R. M. Zabel, formerly general engineering 
manager of the Lighting Division of Sylvania Electric 
Products, Inc., now of Westinghouse Electric Corp., 
contributed many constructive suggest’ons in connec- 
tion with the development of the test described here. 
The author is also grateful to Mr. W. E. Kingston, 
manager of metallurgical research and development, 
Sylvania Electric Products, Inc., and to other persons 
in that company, for suggestions and data. 


This test, which the author has named the “knife- 


The test 
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A Mechanical Test for Detecting 


Longitudinal Fissures in Fine Wire 


Micrograph of a 0.003-In. Tungsten 


Wire Containing a Longitudinal Fissure 





quently, fissured wire, as well as flawless wire, has 
been processed into finished or semifinished prod- 
ucts. This unavoidable practice gave high rejec- 
tion losses; the defective wire went through useless 
processing operations; and other materials in the 
product assembly were wasted. 

The presence of longitudinal fissures in a 
wire cannot be detected by conventional tensile 
testing; the yield and tensile strengths are not 
changed by the presence of fissures, because the 
fissures run parallel to the direction of stress, and 
the cross-sectional area is effectively the same for 
fissured wire as for flawless wire of the same 
nominal diameter. Torsion, torsion-tensile and 
torsion-fatigue tests have also been ineffective. 
Various magnetic, sonic and electronic devices, 
which have been employed commercially for the 
inspection of heavy wire, rods and bars, apparently 
have not yet been used satisfactorily in locating fis- 
sures in fine wire. 

The only method that has been even moder- 

































ately successful in determining whether a sample 
of wire contained fissures has been the metal- 
lographic examination of cross sections. However, 
this method has several disadvantages. 

1. It requires metallographic equipment and 
a microscope, which represent a high initial invest- 
ment if used for no other purpose. 

2. It is time-consuming and tedious. 

3. A skilled operator is required. 

4. Operating costs are relatively high, not 
only for labor but also for materials, such as the 
bakelite or other mounting material. 

5. The percentage sampling is extremely 
small because it is too laborious to check the wire 
at more than a few points in a spool of wire that 
might be several thousand feet long. If the fissures 
were intermittent, rather than continuous, they 
could easily be missed. 

Therefore, it has been feasible to use the 
metallographic method only infrequently, when 
quality demands were great enough to warrant the 
expense, time and effort of such an inspection. 

The inspection of wire for fissures by the test 
described herein, which we shall call the “knife- 
edge test”, overcomes the disadvantages of metal- 
lographic examination. It is rapid, simple, 
dependable, inexpensive initially and in operation, 
relatively foolproof, and it tests the wire continu- 
ously along the length of a sample. 


The Knife-Edge Test 


If fissured tungsten wire is bent sharply, then 
straightened and pulled in tension, perhaps 5 to 
10% of the specimens will give low values of 
tensile strength (as low as 15% of the normal 
tensile strength), whereas flawless wire, when sub- 
jected to this same treatment — bending, straight- 
ening and tensioning — will be consistently high 
in tensile strength (about 80 to 90% of the normal 
tensile strength). This result demonstrates that 
there is a certain critical orientation of the fissure 
plane with respect to the axis of the bend for 
which the wire will be extremely weak when 
restraightened and pulled in tension. Such an 
explanation accounts for the fact that fissured 
wire is only occasionally weak — that is, in only 
a minority of the specimens does the bend fulfill 
the conditions necessary for subsequent weakness. 

The knife-edge test is a practical, refined 
method for carrying out the essential steps of 
bending, straightening and applying tension. The 
test determines the ability of a wire sample to 
withstand pulling under controlled tension over a 
relatively sharp edge of known radius of curvature 
while being rotated about its longitudinal axis. 

A setup used by Sylvania Electric Products, 


Inc., is illustrated schematically in Fig. 2 and 
photographically in Fig. 3. In testing a sample of 
wire, one end of the sample is fastened to the 
weight assembly of specified mass. The wire is 
then extended vertically upward and over the 
knife edge of specified radius and then horizon- 
tally to a motor-driven shaft, where the other end 
of the wire is passed around a pin and fastened 
to aclip. It has been found desirable to have the 
weight assembly resting on its side on the floor 
or other suitable support, so that when the test is 
started the load is applied gradually at first, 
thereby avoiding a sudden impact load on the 
wire. When the motor switch is turned on, the 

wire is wound around 

the rotating shaft, caus- 
DY ing the weight assem- 
Edge bly to rise and the 
portion of the sample 
that was initially below 
the knife edge to pass 
continuously up and 
over the knife edge at 
an angle of 90°. Simultaneously with 
this movement, the wire also rotates 
about its longitudinal axis by drift- 
ing downward along the knife edge, 
which is deliberately inclined. The 
winding shaft is also sloped at the 
same angle with, and parallel to, the 
knife edge so that the wire is always 
being bent very nearly 90°. The 
desirable angle of inclination is the 
one that will allow each wire sample 
to travel nearly the full length of 
the knife edge and no farther. The 
motor is operated until the wire fails, 
revealing the presence of a fissure, 
or until the weight approaches the 
knife edge, proving the wire to be 
free from fissures. 

The knife edges are prepared from tungsten 
carbide bars 3 in. long and having the cross section 
of an equilateral triangle 4% in. on each side. The 
triangular cross section permits the wire to contact 
only the edge and to escape the faces of the bar. 
Each bar accommodates three different edge radii, 
which are machine-ground and polished, using a 
special jig. It is important that the edges have a 
smooth surface finish so as to avoid galling and 
digging the wire. In the tester, the carbide bar 
is held rigidly in a cradle support with one of its 
edges exposed. The bar is easily removable for 
changing edges. 

The winding shaft is »; in. in diameter and 
4 in. long. It is driven by a universal-type, frac- 
tional-horsepower motor coupled to a reduction 





Fig. 2— Setup for 
the Knife-Edge Test 
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Fig. 3 — Photograph of the Knife- 
Edge Tester in Operation 
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Fig. 4 — Fracture Typical of Rather Deeply 
Fissured Tungsten Wire (0.003-In. Di- 
ameter) Broken in the Knife-Edge Test so on. Because each of these 


gearing unit that delivers a shaft speed of 60 r.p.m. and an output 
torque of 5 lb-in. The set of weights consists of a jaw clamp attached 
to a threaded rod on which calibrated, doughnut-shaped disks of 
varying thicknesses and diameters can be hung, sandwiched between 
two calibrated nuts. With this simple, convenient weight assembly, 
various loads can be formed readily and fastened to the wire easily. 
By various combinations, a range of loads can be covered, preferably 
in increments of 25 g. or less. 

For ease of manipulation, the tester is mounted at about shoulder 
height. A sample of wire from 4 to 5 ft. long can thus be accom- 
modated for each specimen. The floor directly below the tester is 
padded so as to absorb the shock of the falling weight when the wire 
breaks. A shallow box lined with sponge serves this purpose well 


Theory of Operation of the Knife-Edge Test 


That the knife-edge test performs the three essential operations 

bending, straightening and tensioning is proved by the fact 
that a fissured wire breaks not at the knife edge but in the straight 
portion of the wire between the edge and the winding shaft, after 
having passed over the edge and having been straightened and pulled. 
Thus, the failed end of the portion of wire to which the weight is 
attached has a 90° hook. A “fish-tail” type of break is characteristic 
of a specimen having a fissure of significant depth. A typical break 
is shown in Fig. 4. This fracture is distinctly different from the 
straight-across type of break obtained from brittle wire bent sharply, 
as in the customary qualitative brittleness test of bending a wire 
sample over a pronounced edge. Furthermore, a brittle fracture 
would occur at or very close to the bend. 

The wire is caused to drift laterally along the sloped knife edge 
during testing primarily so that it will rotate many times through 
every possible orientation of a prospective fissure with respect to 
the axis of bending, and thus, at some time during the test, the 
fissure will arrive at the critical position necessary to allow the wire 
to break after straightening and pulling. This lateral movement 
of the wire further serves to distribute the wear of the knife edge 
over its entire length. 

The mechanism for the unique behavior of fissured wire under 
the knife-edge test is believed to be as follows: When the wire is 
bent sharply, any fissure whose plane is properly oriented with 
respect to the bending axis is propagated in one or more paths across 
the wire at the bend, thus dividing the wire into two or more separate 

strands at this point. The tensile stresses 

that accompany the bending cause the outer 

7 individual strands tc elongate plastically 

more than the inner strands, thus resulting 
in strands of varying lengths. At the same 
time, the inner strands are workhardened 
by the compressive stresses of bending, 
thus potentially reducing the available 
longitudinal elongations of these strands. 
When the wire is then straightened and 
tensioned, each strand must support the 
full tensile load individually —first the 
shortest strand, then the next shortest, and 
individual 


| 
{ 
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strands is unable to support the full load, 
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the wire breaks by the progressive, steplike failure 
of the strands. Were the wire free from fissures, 
the stress and strain gradients from tension to 
compression in bending would be continuous and 
uninterrupted and, upon straightening, the return 
to the full tensile loading would be supported by 
the entire cross section of the wire, with no result- 
ant failure. 


Test Factors 


The size of the bending radius and the amount 
of load applied are governed mainly by two 
factors: (a) the diameter of the wire being tested 
and (b) the degree of sensitivity desired in the 
test. For any given degree of sensitivity in the 
test, the finer the wire, then the sharper the knife 
edge or the smaller the applied load. For any 
given wire size, the sensitivity can be increased by 
decreasing the radius of the knife edge or by 
increasing the load. (In practice, the sensitivity 
is usually regulated only by changes in load.) In 
this way the test can be made sensitive to 
extremely small longitudinal surface defects, even 
to include some die marks, or on the other hand, 
conditions can be adjusted so as to segregate only 
wire having fissures of a certain minimum depth, 
depending on the requirements of the particular 
wire in service. 


Testing ‘Black’ Tungsten Wire 


Tungsten wire in the as-drawn condition and 
coated with the graphite wire-drawing lubricant 
is termed “black”. A general method has been 
established for determining the knife edge and 
load to be used in testing black tungsten wire of 
varying sizes at various degrees of test sensitivity. 
Experimental data for numerous sizes of wire 
having fissures of comparable proportional depth 
have indicated that the wire size (W) expressed 
in terms of weight per unit length* is a function 
of the square of the optimum knife-edge radius 
(Ey), when test loads (ZL) are used that are pro- 
portional to the wire sizes: W = fE,? when La W. 
By properly choosing the weight and the dimen- 
sional units for W and Eo, f can be made to equal 
unity, and the equation becomes W=E,*. This 
is expressed graphically in Fig. 5 by the dash-dot 

*Because micrometer measurements are not suffi- 
ciently accurate in the range of fine wire sizes, it is 
customary to weigh a given length of wire on a torsion 
balance to determine the wire size, which is then 
expressed in terms of weight per unit length. When 
dealing with wire of one material, where density 
remains relatively constant, wire size can be accurately 
designated by this type of measurement, and direct 
comparisons can be made between one lot and another. 





line. It assumes, however, that an infinite numbe; 
of knife edges are available; actually, we mus! 
confine ourselves to the limited number of specific 


edges (E,) that we have. Thus, in selecting the 


proper edge for testing wire of a certain size, we 
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Fig. 5 —General Form 
of the Chart for Com- 
puting Values of Load 
and Knife-Edge Radius 
Used in the Testing of 
Black Tungsten Wire 














log E 


must use the edge with radius nearest in value to 
the square root of the wire size. That is, 
E, will be closest to E, in value when E, = VW. 
This is shown in Fig. 5 by the vertical dotted lines 
for specific edges E,,, Ey, E,;, and Ey. (There 
will obviously be certain wire sizes — W,.., Wes. 
W;.4, and W,.,—with square roots that lie 
exactly halfway between two neighboring knife- 
edge radii. These are indicated by the horizontal 
dotted lines joining the vertical dotted lines. For 
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such sizes, either of the two knife edges may be 
used in testing the wire.) 

The intersections of the dash-dot line with the 
vertical dotted lines represent those ideal wire sizes 
for which the specific knife edges used in testing 
these sizes are also the optimum knife edges — that 
is, those wire sizes that are numerically equal to 
the square of the specific edges that are used. For 
each available knife edge there is only one such 
wire size. As previously mentioned, under these 
optimum conditions the test loads are proportional 
to these ideal wire sizes and are therefore propor- 
tional to the squares of the optimum knife-edge 
radii: L a E,?. 

Now the above relationship would give a direct 
means for calculating the test load for any size 
of wire if we had an infinite number of knife edges 
available and could use the corresponding optimum 
edge in testing each size of wire. However, for 
wire sizes other than the ideal sizes referred to in 
the previous paragraph, we cannot use the E, 
values for calculating loads, since the knife-edge 
radii available for test are E,, not E,. Neither 
can we use the E, values for calculating test loads, 
because such a procedure would not discriminate 
between variations in wire sizes that are tested on 
any single knife edge. Therefore, we must set up 
fictitious knife-edge values (E,) for purposes only 
of calculating test loads. These values of E, lie mid- 
way between the E, and E, values and are repre- 
sented by the solid lines in Fig. 5. (For wire sizes 
W,.2, Wo.3, Ws.4, and W,.;, there are obviously 
dual E, values as well as dual E, values. If the 
smaller knife-edge radius is selected for the test, 
then the smaller E, value should be used for cal- 
culating the test load. Conversely the upper value 
of E, should be used with the larger edge radius.) 

The test load, then, depends on E,?. It should 
also depend on the tensile strength (S) of the 
wire, for failure of fissured wire in the test is 
by tension. Thus, the test load is calculated from 
the expression: L=kSE,*. The constant k is 
merely a sensitivity factor. That is, it can be used 
to regulate the sensitivity, or rigorousness, of the 
test, and can be standardized for any particular 
wire application, depending on the maximum 
depth of fissure permitted. 

This procedure for determining the load and 
the knife edge to be used in testing black tungsten 
wire of a given size is simple to use. It is neces- 
sary merely to consult a previously standardized 
chart of the type shown in Fig. 5 and to pick off 
the E, and E, values for the size of wire in 
question. E, is the knife edge that should be used 
in the test. The test load L is obtained from the 
E, value, the tensile strength S, and the sensitivity 
factor k, according to the formula L=kSE,?*. 
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For example, if we desire to test several samples 
from.a spool of wire of size W’, we find from the 
chart that the E, value is E,’. Assuming that we 
have measured the tensile strength of this wire 
and that we customarily use a certain known 
sensitivity factor for the particular type of wire 
in question, then we can quickly calculate the test 
load. We also find from the chart that we should 
test these samples over knife edge E,’, which in 
Fig. 5 is seen to be E,. 

Except for extremely fine wire, the foregoing 
method of computing values for knife edge and 
load has proved useful over a wide range of wire 
sizes. For wires considerably smaller than 0.001 
in. in diameter this treatment is not strictly valid, 
and it should be modified with correction factors, 
which must be determined experimentally. 


Testing Other Types of Wire 


The test conditions for clean, annealed tung- 
sten wire differ from those for black wire, because 
(a) the different surface condition affects the 
frictional resistance when the wire passes over the 
knife edge and (b) clean wire is usually weaker 
than black wire. Furthermore, since clean wire 
may be more brittle than black wire, the knife- 
edge test would. probably detect variations in 
brittleness as well as fissures, thus necessitating 
close observation of the type of wire fracture. 

No attempt has yet been made to inspect 
materials other than tungsten for longitudinal 
fissures by this method, but it would be expected 
that the knife-edge test would be suitable for any 
type of wire having small plastic elongation com- 
bined with good ductility (drawability). 


Conclusions 


The knife-edge test, as described herein, has 
proved to be a useful tool and a highly dependable 
method for evaluating the quality of wire, provided 
the sampling is done correctly and in sufficient 
amounts, which, of course, is an important factor 
in any type of destructive testing. This test is now 
used to great advantage in the factory for the 
quality control inspection of black tungsten wire 
for longitudinal fissures. It has replaced the more 
costly and less reliable metallographic method of 
examining cross sections and has made it econom- 
ically feasible to inspect tungsten wire more thor- 
oughly. In this way defective lots of wire have 
been segregated before being processed into finished 
products, resulting in less waste of labor and 
materials, fewer rejections, and higher quality of 
product. r~) 




















Search for Atomic Control Continues 


XTRACTS from official records of the United 

Nations Atomic Energy Commission — the 
committee charged with devising a plan for interna- 
tional control — have been presented in Metal 
Progress from time to time. These outlined the 
original American proposal and the improvements 
suggested by the subcommittee of experts, as well 
as the Russian counter-proposals. By votes of 9 to 
2 (the Soviet Union and the Ukraine in the minor- 
ity) it was decided that adequate control is now 
technically possible, but politically impossible, and 
on May 17 the problem was turned back to the 
General Assembly of the United Nations. The latter 
referred the problem to its Political and Security 
Committee, and on Oct. 1 and 2, the Soviet Repre- 
sentative, ANDREI VISHINSKY, restated his govern- 
ment’s position when opposing a_ resolution to 
approve the work done so far by the U.N. Commis- 
sion and to suspend further work. Extracts from 
his speeches follow: 

‘*If we analyze the work of the Atomic Energy 
Commission we find that the United States Govern- 
ment at the very outset would not agree to eliminate 
and prohibit atomic weapons, but shifted all its 
attention to the establishment of international con- 
trol. lIlowever, you cannot control atomic weapons 
if you have not first prohibited their production. 

**Destruction of the atomic bomb is not suffi- 
cient. ‘A strict and effective international control 
organ’, in the words of Generalissimo Stalin, is 
indispensable. However, international control under 
the United States plan would be an American 
agency, designed as a monopolistic super-trust which 
would own all atomic facilities and all enterprises 
connected in any way with the production of atomic 
energy. The representatives of Eastern Europe can 
only expect that such an agency will prescribe such 
regulations as will stifle us, strangle our national 
economy and bind and tie us hand and foot. 

‘*The American plan says that the contro] must 
be in ‘successive’ stages, unspecified as to time or 
scope. We say that control must be established 
simultaneously in all stages, beginning with the 
mines and ending with commercial production of 
atomic fuel. We are told that the U.S.S.R. plan is 
merely a beginning, but we do not think that any 
plan can be a finished structure; as our experience 
grows there will be more and newer elements added. 

**We see no reason to put an end to our quest 
for a solution of the question of atomic energy con- 
trol. We, therefore, now propose that the General 
Assembly recommend to the Security Council that 
the Atomic Energy Commission continue its activity 
in the direction defined by the original instructions, 
and to draft conventions {treaties} for the banning 
of atomic weapons and for establishment of effective 
international control over atomic energy, these to be 
signed and entered into force simultaneously.’’ 

This modified the long-standing demand of the 
Soviets that the weapons be prohibited and destroyed 
immediately, without waiting for an agreement as to 
future control. 


Two days later, WARREN S. Austin, U. S. dele- 
gate, replied; extracts from his remarks follow: 

**Let us look at the U.S.S.R. proposal and see 
if we can find out what it means. Its first recom- 
mendation seems to mean that the Atomic Energy 
Commission is to carry on in the direction laid 
down. The ordinary use of that language implies 
an approval of the majority reports of the Com- 
mission, now before us, and to carry on in the same 
direction, not in another. However, there has been 
so much violent disagreement within the Atomic 
Energy Commission about the meaning of the reso- 
lutions originally establishing it that it is hard to 
believe that the U.S.S.R. is now willing to continue 
along the same road. 

‘*The Soviet resolution also speaks of ‘effective 
international control’. What does this mean? Their 
contribution to the debate seems to indicate that 
they are not ready for effective international control 
and that they still adhere to the idea »f nationalism 
and veto. 

‘“‘The Soviet has demanded that stockpiles of 
weapons be destroyed. Does this mean security? 
No. What is the atomic weapon? Is it the casing 
— which anyone can make in any machine shop? 
Nobody has advocated the destruction of the vital 
energy that constitutes the menace —that is, the 
nuclear fuel that is inside it. Everybody has agreed 
that that has to be preserved for benevolent uses. 

‘‘There is another great field of work ahead for 
the Atomic Energy Commission. This is in the 
management of isotope separation plants, nuclear 
reactors, chemical extraction plants, and the prepa- 
ration, storage and shipment of high-grade nuclear 
fuels.’’ 

On Oct. 20, the Political and Security Com- 
mittee rejected the above-mentioned Soviet proposal 
(which would continue the Commission in existence 
but bypass the three reports already approved by 
its majority) and adopted a Canadian resolution 
which approved these reports as ‘‘constituting the 
necessary basis for establishing an effective system 
of international control of atomic energy to insure 
its use only for peaceful purposes and for the elimi- 
nation from national armaments of atomic weap- 
ons’’, The Canadian resolution requested ‘‘the 
permanent members of the Atomic Energy Com- 
mission [Brazil, Canada, China, Russia, United 
Kingdom, United States] to consult in order to 
determine if there exists a basis for agreement on 
international control’’, meanwhile calling upon the 
Commission ‘‘to resume its sessions, to survey its 
program of work, and to proceed to further study 
of such of the subjects remaining as it considers 
to be practicable and useful’’. 

On Nov. 4, the United Nations General Assem- 
bly approved this action of its Political and Security 
Committee, by a vote of 40 to 6. The Western 
Powers promised full support. As for trying to 
find a basis of agreement in private talks, Mr. 
VISHINSKY said, ‘‘ We can immediately give a reply 
— there is no such basis.’’ 
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By R. |. Jaffee 
Battelle Memorial Institute 
E. J. Minarcik 

National Lead Co. 

and B. W. Gonser 


Battelle Memorial Institute 


at temperatures as low as —295° F. 


Low-Temperature Properties of 


Lead-Base Solders and Soldered Joints 





Solders containing more than about 90% lead re- 


tain their ductility and increase in impact strength 


In solders 


with as much as 50% tin, serious embrittlement 


and decrease in impact strength occur at subzero 


OFT-SOLDERED ASSEMBLIES are 

used for containers or conduits that 
hold refrigerants or liquefied gases and 
for other articles subjected to subzero 
temperature. To obtain information 
about the solders that are best suited 
for such applications, the National Lead 
Co. sponsored research at Battelle Memorial Insti- 
tute concerning the mechanical properties of some 
of the common lead-base solders at low temper- 
ature. The results are reported here. 

It has been known for almost 25 years that 
pure tin is brittle at low temperatures. Lead, on 
the other hand, has good ductility at temperatures 
as low as —420°F. Until recently, nothing was 
known about the properties of tin-lead alloys and 
other common solders at subzero temperature.* 
Apparently, no information at all has been pub- 
lished concerning the low-temperature strength of 
soldered joints. 

Solders Tested— The following alloys were 
tested for tensile strength and elongation at 75, 
—20, —75, and —295° F.: 25% Ag, 975% Pb; 5% 
Sn, 95% Pb; 50% Sn, 50% Pb; and 1.6% Ag, 15% 
Sn, 83.4% Pb. 

Charpy impact tests were made at the same 
temperatures on the same solders and, in addition, 
on 10% Sn, 90% Pb and 15% Sn, 85% Pb solders. 

Soldered joints were tested at the same tem- 
peratures on sections of copper tubing soldered 
together with 2.5% Ag, 97.5% Pb; 5% Sn, 95% Pb; 
25% Sn, 75% Pb; and 50% Sn, 50% Pb solders. 





*Epitor’s Note: Two recent papers abstracted on 
p. 884 of this issue are the only previous sources of 
information about the mechanical properties of solders 
at subzero temperature. 





temperatu re. 
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Breaking loads of soldered copper 


tubing at low temperatures are nearly independent 


of the kind of lead-base solder used for joining. 


Specimens — Specimens for tensile tests on 
solder alloys were cast in permanent molds and 
had shouldered ends and a 2-in. gage section 0.5 in. 
in diameter. The Charpy impact specimens were 
cast in permanent molds in the form of bars 
containing five specimens. They were of the 
simple-beam variety with standard dimensions 
and with V-notches cast in place, as described by 
B. W. Gonser and C. M. Heath (Transactions of the 
American Institute of Mining and Metallurgical 
Engineers, Vol. 122, 1936, p. 349 to 371). Soldered- 
joint specimens were made from two sections of 
l-in. L.D., j,-in. wall, hard copper tubing, soldered 
together using standard sleeve fittings. 

Testing Methods — All tests at subzero temper- 
atures were made in liquid baths. At —20 and 
—75° F., a mixture of dry ice and acetone was used; 
at —295° F. boiling oxygen was the coolant. 

Impact specimens were held at the desired 
temperature for at least 15 min. before testing. 
They were removed to an Amsler impact testing 
machine that was set for 58 ft-lb., and were then 
tested. The time interval between removing the 
specimen from the coolant and fracturing it was 
less than 2 sec. 

Tensile tests were made in an insulated tank; 
the lower grip of the machine extended through 
the bottom of the tank. Grips were of the type 
recommended for shoulder-end specimens by the 














American Society for Testing Mate- 
rials. The rate of loading for the 
tension tests was 0.06 in. per min. 

For tensile testing the soldered 
joints, the setup was somewhat more 
complicated, as shown in Fig. 1. 
A buttress-threaded - mandrel was 
inserted in the tubing, and a collar 
was clamped over the tube, thus 
providing means for gripping the 
specimen. It was necessary to keep 
both the specimen and the clamp 
totally immersed in the coolant in 
order to prevent failure of the tubing 
at a level Above that of the liquid. 


Upper Tensile- 





For any one set of test conditions (that is, alloy and 
temperature), three tensile tests on solders, four tensile tests 
on soldered joints, and ten impact tests on solders were made. 


Results of Tensile and Impact Tests 


The results of tensile and impact tests on the solder alloys 
are shown in Fig. 2, where the data are arranged from left to 
right in the order of decreasing lead content in the alloys. 
Increasing the tin content (which adds a tetragonal phase to 
the structure) increases the brittleness of the alloys. The impact 
values of the alloys containing more than 95% lead increase 
with decreasing temperature. With lead contents from 85 to 
90%, the impact values do not change much between room 
temperature and —295°F. When the lead content is as low as 
50%, the impact values decrease to dangerously low values at 
—295° F. Ductility, as measured by the percentage elongation 

in 2 in., follows the same general 
course as impact. The elongation 
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of the 50% lead alloy decreases 
from the high value of 109% when 














tested at room temperature to 6% 

when tested at —295°F., while the 
Charpy impact value decreases from 
1542 to 1 ft-lb. Tensile strength of the 
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solder alloys increases almost linearly as the 
temperature decreases. The 50% lead alloy 
shows the greatest increase in strength at —295° F. 
and the 97.5% lead alloy shows the least increase. 

These results should not be interpreted as 
indicating that tin in any percentage is detrimental 
to the mechanical properties of lead-base solders 
at low temperatures. Only large amounts of tin 
in a solder alloy cause serious embrittlement. The 
tolerance for tin may be taken as 15%, at least.* 
Ti.e presence of tin, even in small percentages, 
improves the soldering properties greatly. 

Tests on Soldered Joints — Results of the ten- 
sile tests on soldered tubing at low temperatures 
are summarized in Table I. The results of indi- 
vidual tests are given in order to show the type 
of failure in each test. In general, the joints made 
with the various solders broke at the same loads 
for any given temperature. This does not mean 
that the joints are all equally satisfactory at low 
temperatures. The value of the breaking load 
would be expected to reflect the strength of the 
solders but not their ductility, which decreases al 
low temperatures when the lead content is low. 
The increase in the breaking load of the joint as 








* Epitor’s NotE: According to the paper abstracted 
on p. 884, alloys with more than 70 to 80% lead should 

















remain ductile at temperatures near absolute zero. 
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Fig. 2 — Tensile Strength, 
Elongation and Charpy Im- 
of Lead-Base Solders 
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From +75 to —295° F. 


the temperature decreases 
is linear; the increase from 
room temperature to —295° 
F. amounts to about 30% 

The type of fracture 
of these soldered joints 
appears significant. The 
50% Sn, 50% Pb soldered 
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joints were stronger than 
either the tube or the 


fitting at temperatures in. LD in Well 
down to -—75°F. At (t-te, LD. win. Wall) 
—295°F. all the  speci- 50% SN, 50% Pap | 2.5% AG, 97.5% Pw | 5% SN, 95% Pa | 25% SN, 75% Pa 
mens of this composition — —_—— — — 
failed in the soldered BREAKING TYPE OF | BREAKING | TYPE oF | BREAKING TYPE OF | BREAKING TYPE OF 
28 ’ Loan, Ls. FaILure | Loap, Ls. | Farture | Loap, La. | Farcune | Loap, Le. FAILURE 
joint, probably because a Pesieeseniccnae Retitmetiss 
of low-temperature em- | Specimens Tested at + 75° F. | | | 
brittlement. The solder 9400 Tube | 8600 Joint 9100 | Joint | 9400 | Tube 
with next higher tin con- 9500 Tube | 8400 Joint 9400 | Joint 9500 | Joint 
tent (25% Sn, 75% Pb) = Ea ee ..m e-- | dl 
also failed at the sol- ._ Tae er hee ee ha 
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Table I — Effect of Temperature on the Breaking Strength of Soldered Copper Tubes 
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face-centered cubic lead retain their ductility and 
increase in impact strength at low temperatures. 
This is in agreement with recent concepts con- 
cerning the relation of structure to low-temperature 


properties. 


When the percentage of tetragonal tin 


becomes as high as 50%, serious embrittlement 
and decrease in impact strength occur. 
tents up to 15% have no serious embrittling effect. 

The increase in the tensile strength of solder 


alloys and in the breaking load of soldered joints 


Tin con- 
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is linear with decreasing temperature, The solder 
containing the most tin (50%) shows the greatest 
increase in strength, and the solder with the most 
lead (97.5%) shows the least increase in strength. 
Breaking loads of soldered copper tubing at low 
temperatures are nearly independent of the kind 
of lead-base solder used. The impact strength and 
ductility of such joints would probably be 
influenced by low temperatures, in of the 
properties of the solders alone. t= ] 


view 






















By L. P. Tarasov 


Research Laboratories 
Norton Co. 
Worcester, Mass. 


N ORDER TO clarify the marked resistance to 

grinding of certain highly alloyed types of tool- 
steel, the Knoop hardness of the carbide particles 
was measured in three steels: plain carbon tool- 
steel containing 1.3% C; high-carbon high- 
chromium steel with a nominal composition of 
2.2% C, 125% Cr and 1.0% V; and high-carbon, 
high-vanadium high speed steel with a nominal 
composition of 1.5% C, 12.0 to 14.0% W, 5.0% Cr, 
5.0% V and 5.0% Co. The plain carbon steel was 
annealed in order to make the cementite massive 
enough to be indented; the other two steels were 
hardened and tempered. 

The hardness was also determined for alumi- 
num oxide, in the form of Alundum grains, in 
order to relate the hardness of the carbide particles 
to that of the abrasive used in grinding the steels. 
Indentations were also made in a hardened piece 
of oil-hardening toolsteel, to establish a comparison 
between the Knoop numbers and the Rockwell 
C-scale. The carbide particles in this steel were 


Table I— Microhardness of Abrasive Grains and of Carbides in Steel 





The Microhardness of 


Carbides in Toolsteels 


so small and so uniformly distributed that the 
Knoop indentations represent an average hardness 
for both the carbides and the martensitic matrix. 
This corresponds to the condition existing when 
a standard Rockwell reading is obtained. 

The tests were made with a Tukon tester, using 
a 25-g. load, in order to keep the indentations 
appreciably smaller than the carbide particles. 
With a 25-g. load, the indentations in the carbide 
particles were between 10 and 20 microns long. 
In most specimens, only one indentation could be 
made in a carbide particle. Because of the strong 
directional effects in aluminum oxide abrasive, a 
greater number of indentations were made in this 
material — generally not more than two or three 
per grain, however—so as to average out the 
orientation effects. The indentations were meas- 
ured with filar micrometer and a Bausch & Lomb 
Research Metallograph equipped with oil-immer- 
sion apochromatic 80x objective. The Knoop 
values for these conditions are given in Table I. 

To avoid possible confusion with other pub- 
lished hardness numbers, especially for aluminum 
oxide, it should be noted that the values quoted 
in this table are for a 25-g. load. 
as indicated by the subscript in 
the hardness symbol K,,;. Had 





























Knoop Harpness (K.5) | No of the carbide particles been large 
MaTEstAL INDENTED Aueneen —ypeeee INDENTS enough so that a greater load 
could have been used for testing, 
Oil hardening toolsteel (R, 60%) 790 770-800 4 the resulting hardness numbers 
Cementite (in plain carbon toolsteel) 1150 1060-1240 8 would have been appreciably 
Complex chromium-iron carbides 1820 1690-1960 7 lower, and the percentage 
(in high-C high-Cr steel) decrease would have been great- 
Aluminum oxide 2440 1900-2920 19 est for the hardest substances. 
(in regular Alundum abrasive) For instance, the hardness of 
Complex vanadium carbides 2520 2340-2760 8 . . Thich is 2440 
(in high-C, high-V high speed steel) cane euite, When os 
ntnen eatin 3590 3070-3980 | 200 for a 25-g. load, is 2000 for a 
(calculated from data for 100-g. load) 100-g. load. It should be noted 
also that the hardness number 
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is influenced considerably by the objective used 
in measuring the length of the indentation when 
the indentation is extremely small. The variation 
of Knoop hardness number with load and con- 
ditions of observation has been discussed in detail 
elsewhere (“Determination of Knoop Hardness 
Numbers Independent of Load”, by L. P. Tarasov 
and N. W. Thibault, @ Transactions, Vol. 38, 1947, 
p. 331 to 353). 

The data in Table I show clearly that the 
complex chromium-iron carbides in high-carbon 
high-chromium steel are about 50% harder than 
cementite. The complex vanadium carbides are 
more than twice as hard as cementite and are even 
slightly harder, on the average, than aluminum 
oxide. Because of the wide variation in the hard- 
ness of aluminum oxide abrasive with crystal- 
lographic orientation, it is considerably softer 
than the complex vanadium carbides in some 





directions, but in other directions it is harder. 
This hardness relation probably accounts for the 
difficulty in grinding high-carbon, high-vanadium 
high speed steels with aluminum oxide. 

It might be assumed that silicon carbide, 
which is appreciably harder than either aluminum 
oxide or the complex vanadium carbides, would 
be the logical abrasive to use in grinding high- 
carbon, high-vanadium high speed steels. How- 
ever, extensive experimentation has shown that 
although such steels can be ground with silicon 
carbide wheels, more satisfactory results can be 
obtained by the proper choice of aluminum oxide 
wheels and of grinding conditions. The reason is 
that the advantage of grinding the extremely hard 
carbide particles with silicon carbide is more than 
offset by the disadvantage of grinding the marten- 
sitic matrix with this abrasive, for which purpose 
it is known from experience to be unsuitable. rs ] 








Discovery of Aluminum Brass 


CHISLEHURST, KENT, ENGLAND 
To the Readers of Meta ProaGress: 

In connection with the article “Milestones in 
the Brass Industry”, by D. R. Hull (Metal Progress 
for June) some information may be of interest 
concerning the origin of the aluminum brass now 
widely used for condenser tubes. 

The discovery of aluminum brass was a revo- 
lutionary advance in alloys for condenser tubes 
and was one unforeseen byproduct of some work 
on the casting of strip brass ingots, a piece of 
“operational research” that I was carrying out in 
the 1920’s at Woolwich for the British Nonferrous 
Metals Research Association. At that. time, alumi- 
num was a metal carefully avoided in the brass 
foundry (it still is, in some places — even in Amer- 
ica) and the defects that it could cause were inves- 
tigated. It was found, however, that when castings 
were being made by the Durville process, aluminum 
was beneficial and could give ingots of perfect 
surface quality. The next step was the sideline 
investigation of the aluminum brasses, and it was 
evident that even a small content of aluminum 
greatly reduced the rate of oxidation and corrod- 
ibility of the alloys. In one experiment, a cube of 
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Correspondence 


aluminum brass was heated to the melting point 
and assumed a spherical shape with projecting 
sharp corners without collapsing, entirely because 
of the strength of the surface film of aluminum 
oxide. A study of the ternary system showed that 
the fabricating properties of the then-common 
condenser tube alloy could be accurately repro- 
duced in a brass containing 76% Cu, 22% Zn, with 
2% Al, and this basic composition has not so far 
been improved. The subsequent research on this 
alloy perfected it for use in condenser tubes. Thai, 
in brief, is the story—a useful example of the 
unpredictable benefits that may arise out of metal- 
lurgical research. 

The detailed results and the number of the 
British patent can be found in my paper “The 
Aluminum Brasses”, which was published in the 
Journal of the Institute of Metals, V. 43, 1930, p. 
163 to 180. The work is also summarized in the 
book “The Casting of Strip Brass Ingots”, by 
Genders and Bailey, published by the British Non- 
ferrous Research Association. For the initiative 
in developing the condenser tube application, most 
credit is due to Dr. R. S. Hutton, who was then 
the Director of the Research Association. 

R. GENDERS 
Consultant Metallurgist 
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High-Purity Helium for Welding* 


AMARILLO, TEXAS 
To the Readers of METAL ProGrREss: 

The Bureau of Mines has recently announced 
that its entire production of helium is to be known 
as “welding-grade” helium and will have a purity 
of 99.8% or more. 

For the past 18 years, the production of 
helium by the Bureau of Mines has been confined 
chiefly to gas having a purity of 98.2%, and this 
has been satisfactory for use in lighter-than-air 
craft and for the various medicinal uses. Also, 
helium of 98.2% purity was satisfactory when 
used in the shielded-arc welding of magnesium 
and stainless steel. However, it was not entirely 
satisfactory in the welding of aluminum. 

When welding-grade helium is used in weld- 
ing aluminum, one fifth to one third more helium 
is normally required than argon when argon is 
used. But by using helium, greater penetration 
is obtained and much faster welding is possible 
than with argon, so that on many jobs the over-all 
cost per inch of weld is favorable for the use of 
helium as a shielding medium. 

Before conversion of its helium plant for the 
production of welding-grade helium, the Bureau 
of Mines made extensive surveys to ascertain the 
effects of impurities. These studies resulted from 
the desire to supply the best possible inert gas for 
welding purposes. It was found that, to make 
entirely satisfactory welds on aluminum, the 
helium should be as free as possible from hydro- 
gen, nitrogen, water vapor and oil vapor. 

Many fabricators using the shielded-are proc- 
ess have the idea that if they do not obtain at 
once a satisfactory weld using the shielded-arc 
process, the difficulty can be overcome by increas- 
ing the flow of inert gas. Usually this is a mis- 
taken idea. Increasing the gas flow above a certain 
maximum will not improve the condition of the 
weld, and it may even produce porous welds. 

When welding-grade helium is used in the 
shielded-are process, it can produce aluminum 
welds having a bright surface, excellent fusion and 
peneiration are obtained, and the gas used is not 
excessive. As an example, the Bureau regularly 
demonstrates the production of corner welds on 
'g-in. aluminum using 11 to 12 liters of welding- 
grade helium per min. and welding at the rate of 
25 in. per min. Comparable welds using argon 
require approximately 8 liters per min., but slower 
*Epitor’s Nore: Additional information on the use 
of helium in inert-gas-shielded arc welding is given in 
the article on p. 833 of this issue. For a description of 
two new welding processes that use inert gas for shield- 
ing, see the abstracts on p. 886 to 890. 








welding speeds are necessary to obtain good 
penetration. 

Welding-grade helium is now obtainable 
through distributors of compressed gas in nearly 
every part of the country. The Bureau is confident 
that this helium will be satisfactory for most of 
the requirements of the inert-gas welding industry. 

The Bureau of Mines plans to publish a series 
of articles on the use of helium in inert-gas arc 
welding, in which technical data showing tensile 
strength, micrographs and radiographs of welds 
will Be included. WILLIAM A. Mays 

Metallurgical Engineer 
Bureau of Mines 


Season's Greetings! 
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A Bery Merry Christmas 
From the Metallographic Bepartment 
Of the Permanente Metals Corporation 


SPOKANE, WASH. 
To the Readers of METAL PROGRESS: 

The alpine fir tree from the great Northwest 
is a dendritic arm of aluminum in a background 
of aluminum-silicon eutectic, at 75 X. The star, 
of course, was an appropriate afterthought. 

L. J. BARKER 


Metallographer 
Permanente Metals Corp. 
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HIGH STRENGTH LOW ALLOY 


STEELS 


containing NICKEL 


Reduce Weight... 
increase Durability 


Excellent mechanical properties characterize 


high strength low alloy steels containing nickel... 


Steels of this type provide high strength in the 


as-rolled condition, and sheet gauges may be 


cold formed into structural panels that assure 


maximum weight reduction without sacrifice of 


strength or safety. 

They provide good toughness and ductility 
at both room and subzero temperatures. More- 
over, by resisting abrasion, erosion and many 
tvpes of corrosion, these steels help substantially 
to lengthen equipment life. 

Although primarily developed for use in mo- 
bile equipment . . . for weight saving and corro- 
sion resistance . . . low alloy high tensile steels 


ire now finding application in many diversified 


THE INTERNATIONAL NICKEL COMPANY, INC. 


fields where durability is essential to reduce both 
maintenance and operating costs. 

Moderate in cost, and produced under various 
trade names by leading steel companies, high 
strength steels containing nickel along with 
other alloving elements pay for themselves. 

A list of sources of supply will be furnished 


on request. 





Over the vears, International Nickel has accumulated a fund of 
useful information on the properties, treatment, fabrication and 
performance of engineering alloy steels, stainless steels, cast 
irons, brasses, bronzes, nickel silver, « upro-nickel and other allovs 
containing nickel. This information is vours for the asking. Writs 


tor “List A” of available publications 


67 WALL STREET 
NEW YORK 5, N.Y. 
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Temperature,?° F. 


Transformation of S.A.E. 4330 Steel 


During Continuous Cooling 
By C. A. Liedholm and Associates, Curtiss-Wright Corp. 
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By Carl A. Liedholm 
Quality Manager 

Piasecki Helicopter Corp. 
Morton; Pa. 





Information shown on continuous cooling diagrams 


and data obtained from flat Jominy bars can be 


used to advantage in planning practical heat treat- 


ments. 


author makes a plea for the extension of such data 


to include slower cooling rates than heretofore. 


ONTINUOUS COOLING is obviously one of the 
most important processes in heat treating, for 
whenever a piece of steel is heated above its critical 
range, it must sooner or later be allowed to cool, 
and it is the continuous cooling that determines 
whether we harden, normalize, or anneal the steel. 
A hardenability test such as the Jominy test 
shows the result of a large number of continuous 
cooling rates, from one that is very fast to one 
that is fairly slow. But it does not show the 
sequence of the structural changes, nor their timing. 
Isothermal transformation diagrams show the 
sequence and timing of structural changes that 
occur in steel when it is quenched suddenly to 
any subcritical temperature and is held at that 
temperature. However, isothermal transformations 
differ from transformations during cooling, in 
“some important respects. To base predictions of 
cooling transformations on isothermal diagrams, 
one must be familiar with the relationship between 
isothermal and cooling transformations. Much 
theoretical study has been devoted to this relation- 
ship during the last few years, but (to a practicing 
metallurgist) it is a tedious and often hazardous 
undertaking to arrive at a correct interpretation of 
isothermal data in terms of structural changes dur- 
ing continuous cooling. Diagrams showing the 





This article tells how it is done. 
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Structural Changes 


During Continuous Cooling 


actual temperatures and the actual 
timing of structural changes during con- 
tinuous cooling are needed to round out 
the metallurgist’s understanding of one 
of the most important processes that 
confront him in his daily experience. 

It is my intention to show how 
simply such diagrams can be obtained 


The by a well-equipped laboratory. I shall 


then discuss some uses for the present 
type of diagrams, show how the infor- 
mation they give can be supplemented 
with flat Jominy bars and, finally, 
indicate how one can develop them 
further to increase their usefulness and 
to provide the metallurgical practitioner with a 
long-needed aid in his efforts to predict heat treat- 
ing results and to plan heat treating cycles with 
the maximum prospect of attaining precisely the 
expected results. 

For the benefit of those not entirely familiar 
with either the Jominy test or the S-curve, I shall 
begin with a brief description of these two methods 
for expressing the transformation characteristics ot 
steel, and then show how the two methods can be 
combined to give continuous cooling transforma- 
tion diagrams. 

The Jominy end-quench hardenability test has 
been standardized by both the S.A.E. and A.S.T.M 
for several sizes of specimen. Almost always a 
l-in. diameter cylinder, 4 in. long, is used — nor- 
malized, reheated to the specified hardening tem- 
perature, and then hung vertically in a fixture, with 
a water column directed against the bottom face of 
the specimen. This face is referred to as the 
quenched end. After 10 min. end-quenching, two 
parallel, diametrically opposite flats are ground 
along the entire bar, whereupon Rockwell hardness 
tests are taken at ,,-in. intervals over the first 1-in 
length containing the quenched end, and at arbi- 
trary, greater intervals along the rest of the flat 
The hardness is then plotted against distance from 

























quenched end, and the resulting curve gives a 
measure of the hardenability of the bar. 

The cooling rates at different distances from 
the quenched end have been determined precisely 
by Boegehold and Weinman for 1-in. round speci- 
mens, and have been correlated by the same 
authors with cooling rates for different radial posi- 
tions of water quenched and oil quenched bars and 
plates on the basis of the cooling rate at 1300° F. 
These data permit the prediction of the hardness 
distribution across a transverse section of a 
quenched bar or plate from a Jominy hardness 
curve. (See Metal Progress data sheets, January 
and February 1947.) Figure 1 shows Jominy hard- 
ness curves for two heats of S.A.E. 6130 steel, as 
quenched and after tempering at 1200° F. for 2 hr. 

An isothermal transformation diagram (or 
S-curve or TTT-curve) is produced in the following 
way: A series of small and thin pieces of steel are 
quenched into a salt or lead bath held at constant 
temperature. At suitable intervals, one piece at a 
time is withdrawn from the bath, quenched to room 
temperature, and examined under the microscope. 
The untransformed austenite will have changed 
to martensite by the final quench, whereas stable 
structures formed as a result of the constant-tem- 
perature transformation will remain unaffected by 
that quench. By repeating this process, using a 
series of baths at different constant temperatures, 
enough data can be obtained to plot the beginning 
and end of the different types of microstructural 
changes that occur at each isothermal transforma- 
tion temperature. The salient point of the technique 
is to stop a transformation at different points of its 


Fig. 1 





progress by quenching the specimen to room tem- 
perature, and to plot the time when transformation 
first was observed at each isothermal temperature, 
and the time when the structural change had ceased. 

Figure 2 shows an isothermal transformation 
diagram for S.A.E. X 4130 steel. 


Analysis of Jominy Bars 


The continuous cooling transformation dia- 
gram is obtained from Jominy bars in four steps. 


First, one obtains accurate cooling curves for a 
number of distances from the quenched end of the 
bar, and plots the curves on large graph paper. 

Second, one end-quenches a number of Jominy 
specimens for various periods of time, terminating 
each end-quenching period by complete immersion 
quenching of each specimen. 

Third, one examines the microstructure at dif- 
ferent distances along these Jominy bars, observing 
the distance from the quenched end and the time 
of end-quenching required for the appearance of 
characteristic structural changes (such as ferrite, 
bainite, or pearlite formation). 

Fourth, to locate the temperature of structural 
change at any distance from the quenched end, one 
finds the intersection between the cooling curve for 
that distance and the ordinate through the end- 
quenching time which brought about the change. All 
that remains is to connect all points on the graph 
which signify the same change, with a faired line. 

The salient point of this technique is similar 

to the S-curve technique, in that transformations 
are stopped or “frozen” through quenching at vari- 
ous stages of progress, and the resulting structures 
are then studied under the microscope. Thereupon, 
the time when each structural 
change first was observed is plotted 


Jominy Curves for Two Heats of S.A.E. 6130 Steel in the same way as isothermal 


structural changes, the only differ- 
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A continuous cooling transfor- 
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30-sec. distance on the horizontal 

axis. It intersects the cooling curve °C. |) | I}]} | al 

for ¥% in. from the quenched end at 800 test 

150° F., % in. at 575° F., % in. from 1400 }+—+-H ast 

the quenched end at 785° F., and so 700 Tee, ; | ape 4 2 

on. Those are the temperatures of Hl "4 3 

these distances from the quenched & N 8 & 

end of the Jominy bar after 30 sec. S | ) | 124 & 

end quenching. ® a | 11/4 | 2a 
The upper solid line in the dia- S | | | ® 

gram for S.A.E. 4330 is the ferrite € ah i} 26 x 

beginning line, since it shows that aH 1 57 3 

metallographic examination of a | Bill 44 

specimen quenched by full immer- al i / «' x 

sion, for instance after 30 sec. end TTS] zs 

quenching, disclosed rejected ferrite I< i | 

only at those distances from the ee oe Hil UU 

quenched end whose cooling curves 10? 108 l0¢ 10s 

after 30 sec. had crossed the upper Time, Seconds 

solid line. Fig. 2— Isothermal Transformation Diagram for S.A.E. 

___ Hence, after 30 sec. end quench- X4130 Steel (0.33% C, 0.53% Mn, 0.90% Cr, 0.18% Mo). 

ing, rejected ferrite existed only Steel austenitized at 1550° F. Grain size, 7 to 8. (Atlas 


between the % and %4-in. distances 
from the quenched end, because the 
cooling curves corresponding to these 
positions on the Jominy bar had crossed the 
ferrite beginning line — but not at somewhat less 
or greater distances, because those cooling curves 
had not crossed the ferrite beginning line after 
30 sec. end quenching. 

Applying the same reasoning, the lower solid 
line is the bainite beginning line, since it shows 
whether or not bainite had formed at the various 
distances from the quenched end after various 
end-quenching periods. For instance, after 25 
sec. end-quenching, bainite had formed at the %%4, 
3g, and %-in. distances from the quenched end 
because their cooling curves had crossed the bain- 
ite beginning line after 25 sec., but bainite had not 
formed at any other distance from the quenched 
end because none of the other cooling curves had 
crossed the bainite beginning line after 25 sec. 
The hardness contours connect points of equal 
hardness. The diagram can be described as a 
partial time-temperature-transformation diagram 
for continuous cooling. 


Practical Applications 


Now let us see what type of problems of 
metallurgical and engineering importance can be 
solved with the aid of the present diagrams. 

First, suppose we had performed a_post- 
mortem analysis of a structural member’ that 
showed clear evidence of having failed in fatigue. 
Assume that the member was made of S.A.E. 4330 
steel on which the required data are available, and 


of Isothermal Transformation Diagrams, U. 
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S. Steel Corp.) 


that the microstructure contained an estimated 
20% rejected ferrite, and that a competent metal- 
lographic analysis showed no other defective 
metallurgical condition. The rest of the structure 
will be assumed to have been tempered martensite, 
the specified heat treatment being to quench to a 
fully martensitic structure and temper at 1120° F. 
Our problem will be to determine if the ferrite 
was likely to have been responsible for the failure. 

We are not willing to point an accusing finger 
at the ferrite without first putting it to a test. So 
we have conducted the following experiments: 
Air cooling curves have been obtained for the mid- 
point of the R. R. Moore specimens which we use 
to estimate the basic fatigue strength of the steel. 
The average air cooling curve has been super- 
imposed on the cooling transformation diagram of 
the same steel and several series of specimens 
have been air cooled before quenching for differ- 
ent periods, estimated with the aid of the diagram 
so as to give various amounts of free ferrite. We 
have then plotted fatigue strength against air cool- 
ing period. We also performed the same experi- 
ments with tensile and impact specimens. 

Each set of specimens of the same kind and 
quench delay was air cooled in a symmetrically 
loaded holder before the holder and specimen were 
quenched together. The cooling cycle of the '4-in. 
diameter shoulder type of tensile specimen used 
in this particular investigation was approximated 
by the 1% g-in. Jominy distance, and that of the 
R. R. Moore fatigue specimens by the 2% -in. 
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Fig. 3 — Air Cooling Curves for Tensile, Impact, and R. 
R. Moore Fatigue Specimens of S.A.E. 4330 Superim- 
posed on the Continuous Cooling Transformation Diagram 


distance. The Izod specimens cooled more slowly 
than the 2'%-in. position on the Jominy test bar. 
Figure 3 shows the cooling curves super- 
imposed on the cooling transformation diagram; 
Fig. 4 shows endurance limit plotted against the 
duration of air cooling and, also, typical micro- 
structures. Figure 5 shows percentage of ferrite 
in %-in. tensile specimens plotted against quench 
delay or air cooling time, and allows Fig. 4 to be 
interpreted approximately in percentage of ferrite 
versus fatigue strength. It shows that 20% ferrite 
corresponds to about 120 sec. air cooling, and that, 
therefore, the fatigue strength was not lowered 
by more than a few per cent — if at all. 
Considering that a 60° notch with a radius of 
0.002 in. will decrease the fatigue strength of a 
Moore specimen by about 75%, and that most 
structural members contain shoulders or recesses 
or other types of stress raisers, 
it is obvious that the 20% ferrite 





Figure 6 shows how ferrite affects the tensile 
strength and hardness of the same steel in the 
as-quenched and as-tempered conditions. 

The example just cited concerned ferrite that 
formed because the quench had been delayed 
excessively. Ferrite may form in this way when 
a hot part has to be loaded into a cold fixture or 
die before quenching, or when the distance 
between the furnace and quenching bath is too 
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Fig. 5 — Percentage of Ferrite in 4-In. Tensile 
Specimens Versus Pre-Quench Air Cooling Time 


great, or the handling equipment is cumbersome 
and slow. If the steel is one that reacts rapidly 
and if the rate of air cooling is just less than the 
critical quenching speed, the same phenomenon 
of ferrite formation may be observed. 

For ordinary quenching conditions, however, 
a situation like that described is not likely to 
occur. Consider, for instance, the continuous 
cooling transformation behavior of a steel such as 
S.A.E. 6115. This steel does not have high hard- 
enability; yet, when quenched from 1700°F., it 
cannot react in less than about 8 sec. — and then 





which our investigation had dis- 
closed in the microstructure wa 
should hardly be included among 75 Ly 
even the secondary causes of 
failure. However, we were dis- 
cussing a steel of high hard- 
enability that also is fairly high 
in ferrite-forming alloying ele- 
ments; the conclusions we 
arrived at might have been 
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different for a different type of 
steel. Similar analysis concern- 
ing various types of steel would 55 


Endurance Limit, |OO0 psi 














help to clarify many problems fe) 
of this sort, particularly if the 
analysis included a _ considera- 
tion of the related ease or diffi- 
culty of welding the steels. 
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Fig. 4 — Endurance Limit of S.A.E. 4330 Steel Plotted Against the 
Duration of the Air Cooling Period Prior to Immersion Quenching 
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only if it has reached temperatures between 950 
and 1150°F. If the cooling cycle is faster, the 
result will be full quenching, and if it is slower, 
transformation will not have begun after that 
length of time. 

This kind of information is important in 
connection with the diagnosis of unsatisfactory 
quenching results. Most metallurgists probably 
have been asked by heat treaters at some time or 
another how quickly they have to immerse a part 
in the quenching bath to avoid transformation 
during the short air-cooling period preceding the 
quench. Usually, the correct answer is that you 
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Fig. 6 — Effect of Pre-Quench Ferrite on the Hard- 
ness and Tensile Strength of S.A.E. 4330 Steel 


don’t need to hurry as much as you 
might think. However, it is obvious 
from the preceding discussion that 
thin sections of steel of low harden- 
ability can react during transfer from 
a furnace to a quenching bath. 

There are times when manufacturing proce- 
dures render it exceedingly difficult to quench steel 
to a fully martensitic structure. Consider, for 
instance, the heat treatment of large welded 
assemblies. Since steel becomes increasingly sus- 
ceptible to welding cracks as its carbon content 
increases, it is customary to select steel with a 
maximum carbon content of about 0.35% for 
welding manufacturing. For this and other rea- 
sons, S.A.E. 4130 is commonly used in aircraft 
weldments. Welding rods usually are made from 
steel with about 0.10 to 0.15% max. carbon. The 
welds made from such rod in S.A.E. 4130 steel 
never have high hardenability. 

Usually weldments must either be oil 
quénched or merely normalized. Most weldments 
contain sections that vary considerably in thick- 
ness. If such a weldment is quenched in oil, part 
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of it may be slack-quenched while other parts will 
be fully quenched. The heat treatment of such 
structures to uniform mechanical properties pre- 
sents complicated metallurgical questions. To 
attain control of the results, the metallurgist must 
be able to estimate the slowest cooling rate that 
results from the quenching. This information he 
can obtain by finding the position on a Jominy 
bar whose hardness matches the hardness of the 
slowest cooling section of the welded structure, 
in accordance with Boegehold’s method. The 
Jominy bar can be tempered at any desired tem- 
perature to obtain an estimate of the hardness 
variations that would exist in the weldment after 
heat treating. 

Let us assume, however, that it will be nec- 
essary not only to know the hardness, but also 
to obtain an estimate of the tensile properties. A 
rather obvious method for obtaining this informa- 
tion consists of preparing a flat end-quench bar 
from which tensile specimens can be machined 
after it has been end-quenched and drawn. This 
method has been developed and used by the writer 
in connection with studies of heat treating propel- 
ler blades at Curtiss-Wright. Figure 7 shows the 

design of a flat speci- 
men; Fig. 8, the end- 
- 3 - quenching operation. 
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Fig. 8 (below) — End 
Quenching the Flat 
Jominy Specimen of 
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Fig. 7 (above) — Design 
and Dimensions of the 
Flat Jominy Bar, From 
Which Tensile Specimens 
Can Be Machined After 
the Bar Has Been End- 
Quenched and Tempered 
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Fig. 9 — Effect of Pre-Quench Air Cooling Time 
on the Tensile Strength of S.A.E. 4330 Steel 


Figure 9 shows tensile strength results 
obtained from a flat Jominy bar that had been 
end-quenched for various periods of time and sub- 
sequently tempered. In the figure, the height of a 
block represents 20,000 psi., and the abscissa that 
intersects each curve of tensile strength versus 
Jominy distance is at 130,000 psi. Thus, the effect, 
on the tensile strength of S.A.E. 4330 steel, of 
widely varying cooling cycles and air cooling 
periods preceding the quenching operations can 
be evaluated. The effects of the same variables 
on other mechanical properties have been evaluated 
also, 

Careful cooling curve determinations have 
been made for the flat end-quench bar, and for 
the %-in. diameter, 4-in. long end-quench bar that 
was used for the continuous cooling transforma- 
tion diagrams, as well as the standard 1-in. 
Jominy bars. Many determinations were made 
for some positions on the ‘-in. diameter end- 
quench specimen between 1943 and 1946. When 
Weinman and Boegehold published their cooling 
curves for standard Jominy bars, it obviously 
became a matter of great interest to compare their 
data with the curves we had obtained. 

Figure 10 shows a reproduction of Boegehold 
and Weinman’s curve for cooling velocities at 
1300° F.; the writer’s data is represented by the 
solid black dots. Keeping in mind that only single 
determinations had been made for each plotted 
point of the 1l-in. Jominy bar, the agreement is 
excellent. Since as many as 20 cooling curves 
were obtained for some positions of the %%-in. 


diameter Jominy bar, the data on that bar are 
probably even more reliable.* 

Thus far, we have concerned ourselves with 
the time required for structural changes to begin 
during cooling and with the effects of partial 
transformation on the properties of the steel. It 
has been shown that such phenomena can be 
studied with the aid of the cooling transformation 
diagrams supplemented by flat Jominy bars. 
These problems are all associated with the begin- 
ning and early stages of transformation or, in 
other words, with the left-hand part of the iso- 
thermal or continuous-cooling diagrams. 

It has been shown that the actual events can 
be estimated more accurately from the continuous 
cooling diagrams than from the S-curves. In 
justification of this statement, Fig. 11 has been 
included. This figure is a reproduction of the 
U. S. Steel Corp.’s isothermal diagram for 
S. A.E. 4130 steel, with the beginning-lines for 

~ *Our cooling velocities obtained for the slowest 
cooling part of the Jominy bar are higher than shown 
by Boegehold and Weinman, probably because our 
data were obtained on steel of much higher harden- 
ability than that used by Boegehold and Weinman. 
Thus, the specimens used by then: transformed to a 
greater extent than ours toward the air-cooled end, 
with the result that their cooling curves were retarded 
by the release of the latent heat of transformation. 


Fig. 10 — Boegehold and Weinman’s Cooling Rates 
Compared With the Author’s Data (Black Dots) 
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transformation during normal continuous cooling 
starting at 1700° F. traced in as a medium dotted 
line. The differences in positions of these lines 
cannot be explained solely on the basis of different 
austenitizing temperatures. 


The End of Transformation 


Having dwelt on the practical significance 
of the transformation beginning lines, we should 
consider, at least briefly, the significance of the 
transformation ending lines that are 
shown on isothermal diagrams but as 
yet have not been determined for °C 
continuous cooling. These lines are 


of as much importance to the anneal- om 
ing of steel or the postheating of 

welds as the beginning lines are to 700 
the hardening of steel. 

To anneal steel, it is customary S ano 
to heat it either above or slightly oy 
below Ac,, and then to cool it below y 
Ae,, holding it in this “pearlite region” & 500 
until transformation is complete. The iS 
time of holding and the accuracy with 400 - 
which the temperature is maintained 
are probably the most important 
factors in the majority of annealing aad 

jority annealing 
cycles. Fortunately, both the time 
and temperature of transformation in 
the pearlite region are, for practical 
purposes, independent of the manner 
in which the steel is allowed to cool Fig. 11 - 


from the austenitizing temperature to 
the transformation temperature. Both 
time and temperature, therefore, can 
be determined with sufficient accuracy 
from isothermal diagrams. 

The postheating of weldments is 
far too complicated, and also too con- 
troversial, a metallurgical problem to 
be entered into, except in a very super- 
ficial manner. I should like to mention, 
however, that some leading authorities have rec- 
ommended that weldments be postheated in a 
manner such as to effect complete transformation 
to bainite in order to prevent the formation of 
martensite during cooling to room temperature. 
It has been suggested that the minimum time and 
the optimum temperature for bainite transforma- 
tion be determined from the isothermal trans- 
formation diagrams of the steel being welded. 

Since it has been thoroughly demonstrated 
that under-bead weld cracks practically always 
develo? in martensitic areas, but since weldments 
almost never can be transformed in a strictly 
isothermal manner, it is important to know 
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whether or not transformations at constant tem- 
peratures in the bainite region are affected by the 
preceding cooling cycles. This question has also 
been studied and it has been demonstrated con- 
clusively that structural changes during continu- 
ous cooling have a profound effect on subsequent 
isothermal transformation in the bainite region. 

Figure 12 gives an idea of this effect. It shows 
the end-of-transformation lines for S.A.E. 4340 
and 4360 steels, reproduced from U.S. Steel Corp.'s 
“Atlas of Isothermal Transformation Diagrams”. 
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The heavier lines denote isothermal reactions (U’. S. Steel's Atlas). 
The lighter, dashed lines denote the beginning of transformations 
during continuous cooling. Lettering enclosed in parentheses refers 
to structures formed during continuous cooling. Data obtained 
on two simiiar heats of S.A.E. X4130 steel. Isothermal specimens: 
0.33% C, 0.539% Mn, 0.90% Cr, 0.18% Mo, austenitized at 
1550° F. Continuous cooling specimens, containing 0.31% C, 
0.47% Mn, 0.92% Cr, 0.17% Mo, were austenitized at 1700° F. 


Superimposed on this graph are micrographs of 
transformation structures obtained in a_ strictly 
isothermal manner, and also those obtained by 
constant temperature transformation preceded by 
slow cooling. It can be seen from this figure that 
the strictly isothermal transformation structures 
verify the lines of the diagram, but when the 
transformation has been preceded by continuous 
cooling, it takes more than 12 times longer for the 
structural changes to proceed to completion 
exactly how long has never been determined. 
Isothermal transformation diagrams had been 
known for more than 15 years before this differ 
ence between strictly isothermal transformation 




















and constant-temperature transformation pre- 
ceded by slow cooling was first demonstrated. 

While engaged in this development work, I 
could not help envisioning and hoping for the 
future expansion of the continuous cooling trans- 
formation diagrams to include cooling of at least 
a week’s duration. It would require the resources 
of a large organization to compile such data, but 
I believe that the reward in the form of practical 
applications would be worth the effort. 

The intermediate cooling cycle could be 
studied by the methods which were demonstrated 
by John Erb of the Works Laboratory, General 
Electric Co., Schenectady, in an article entitled 
“Extending the Jominy Scale”, which appeared in 
The Iron Age for June 13, 1946. Still slower 


Fig. 12—End of Isothermal Reac- ; 
tion in the Bainite’Range for S.A.E.  - ~*~ 
4340 and 4360 (U.S. Steel’s Atlas) “> ¥. 
With Author’s Micros at 1000X 
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rates could be studied with the aid of a dilatome- 
ter synchronized with respect to the time-tempera- 
ture changes in a suitable furnace. If a sufficient 
number of specimens were charged in the furnace, 
observation of the temperature-dilation curve 
would indicate precisely when specimens should 
be withdrawn from the furnace and quenched in 
order to “freeze” the structure at the proper time. 
The synchronization, of course, would be achieved 
by means of a program control that would permit 
the investigation of any arbitrary number of 
increasingly slow cooling rates, until practically 
any conceivable range of cooling transformations 
had been studied and charted, so as to guide the 
practicing metallurgist through some of his most 
perplexing problems. e 
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Personals 


John J. McClanahan @, upon com- 
pletion of requirements for his B.S. 
at the University of Alabama, ac- 
cepted the position of metallurgical 
engineer with the Alabama Pipe Co., 
Anniston, Ala. 


Leroy C. Land @ has been assigned 
to the Army Field Forces Board No. 
1 at Fort Bragg, N. C., where he will 
conduct users’ service tests on new 
materiel for the Army. 


Wallace F. Ardussi @, formerly 
with Industrial Rayon Corp. and Hupp 
Corp., has purchased the Variety 
Machine & Stamping Co., Cleveland. 


Willard L. Groene @, formerly 
with Toulmin & Toulmin, is now prac- 
ticing patent law and engineering in 
Phoenix, Ariz. 


David M. Moses @, a June 1948 
graduate from Virginia Polytechnic 
Institute, is now employed by the 
Carnegie-Illinois Steel Corp. at its 
Duquesne works as a process engineer 
in the metallurgical department. 
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A. B. Parsons has resigned after 
18 years as secretary of the American 
Institute of Mining and Metallurgica) 
Engineers in New York City and wil! 
move to Oakland, Calif. He is the 
eighth to hold the position of secre- 
tary for this 77-year-old organization, 
his surviving predecessors being 
Bradley Stoughton (past-president @ 
and for many years head of the met- 
allurgy department at Lehigh Univer- 
sity) and Frederick F. Sharpless. 
Pending election of a successor, 
Edward H. Robie of the A.I.M.E. 
staff will be acting secretary of the 
Institute. 


Donald W. Frommer ©@, formerly 
with the Aluminum Research Lab- 
oratories as a corrosion engineer, is 
now a metallurgical engineer with the 
U. S. Bureau of Mines, Rolla, Mo. 


A. L. Ascik @ has resigned his 
position with H. H. Robertson Co. 
and is now connected with Universal- 
Cyclops Steel Corp., Bridgeville, Pa., 
as superintendent of melting. 


The United States Steel Corp. an- 
nounces the following organizational 
changes: J. Norman Quinlan @ from 
division superintendent of the west 
mills of the Gary works of Carnegie- 
Illinois Steel Corp. to assistant to the 
general superintendent of the plant; 
Charles J. Hunter @ from chief met- 
allurgist and inspector of the same 
plant to Mr. Quinlan’s old position of 
division superintendent of the west 
mills; Oscar Pearson @ to chief met- 
allurgist and inspector of the Gary 
works from assistant to division 
superintendent of steel production 
and central mills. 


The Lake Erie Engineering Corp. 
of Buffalo, N. Y., announces that it is 
retaining the services of Gregory J. 
Comstock @ as consultant in the field 
of powder metallurgy. Mr. Comstock 
is also director of the powder metal- 
lurgy laboratory of Stevens Institute 
of Technology. 


Vernon Pingel @, formerly senior 
research metallurgist with the Cornell 
Aeronautical Lab., is now head of 
metal powder products research and 
development at the Fansteel Metal- 
lurgical Corp., North Chicago, III. 


Recently graduated from Michigan 
College of Mining & Technology, 
James C. Mallory @ is now employed 
as metallurgical engineer with the 
Ford Motor Co., Iron Mountain, Mich. 


After receiving his M.S. from 
Stanford University, Richard C. Barry 
@ has accepted a position as assist 
ant metallurgist at the Pearl Harbor 
Naval Shipyard. 
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Personals 


James S. Stevenson ©, who grad 
uated with a B.S. in metallurgy fron 
Pennsylvania State College in Jun 
1948, is now employed as a student 
engineer at the Campbell works of 
the Youngstown Sheet and Tube Co. 


Resigning from Glenn L. Martin 
Co. where he was senior materials 
and process engineer, Harold J. Cor- 
win @ has joined the Health Dept. 
of the State of Tennessee as a con- 
struction engineer. 


Robert Hochscheid ©, who has 
recently graduated from the Colorado 
School of Mines, is now a junior 
engineer for the Dorr Co., of New 
York City. 


Having received his Ph.D. from 
the State University of Iowa, Lewis 
W. Gleekman @ has accepted a posi- 
tion as assistant professor of chem- 
ical engineering at the University of 
Delaware. 


E. R. Freeman @ is now employed 
by the Permanente Metals Corp., in 
the X-ray division of research, in 
Trentwood, Wash. 


Albert A. Haskell, Jr.. @ is now 
employed in the development engi- 
neering department, titanium divi- 
sion, National Lead Co., at South 
Amboy, N. J. 


Following graduation from Ohio 
State University, Clinton C. McBride 
@ has accepted a position as research 
engineer at Battelle Memorial Insti- 
tute, Columbus, Ohio. 


Horace J. Weymer @, after re- 
ceiving his M.S. from Pennsylvania 
State College, has joined the Amer- 
ican Brake Shoe Co.’s laboratory at 
Mahwah, N. J., in the capacity of 
assistant metallurgist. 


Following graduation from Texas 
Technological College, S. A. Brooks 
@ has returned to Hughes Tool Co. 
as methods analyst in the industrial 
engineering department. 


Graduating from Ohio State 
University in June 1948, Robert V. 
Steenstrup © is now training in the 
scientific program of the General 
Electric Co. in the laboratory of the 
West Lynn works, Lynn, Mass. 


Ralph Hodil ©, formerly with 
Youngstown Sheet & Tube Co., Good- 
year Aircraft Corp., and Surface 
Combustion Corp., has entered the 
consulting field as a metal coating 
specialist, with headquarters in Van 
dergrift, Pa. 
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Personals 


Donald E. Feather ©, formerly 
foundry instructor in the department 
of mining and metallurgy at Wiscon- 
sin University, is now a trainee at 
Albion Malleable Co., Albion, Mich. 


L. F. Dobyns © is now supervisor 
of specifications at the Geneva Steel 
Co., Salt Lake City, Utah. 


Following graduation from Penn- 
sylvania State College, William H. 
Myers @ is presently employed in 
the research department of the Beth- 
lehem Steel Corp., starting the “loop” 
course. 


Eckard Hollister @, formerly with 
Oakite Products, Inc., is now sales 
representative in Eastern New York 
for Frederick Gumm Chemical Co. 


Formerly a research fellow at 
Rensselaer Polytechnic Institute, R. 
D. Malin @ is now a trainee with 
American Manganese Steel Division 
of American Brake Shoe Co., St. 
Louis, Mo. 


William C. Leprich ©, who was 
formerly with Ekco Products Co., has 
accepted a position with Pioneer Gen- 
E-Motor Corp., Chicago, in charge of 
the heat treating department. 


Alwyn H. King ©, who received 
his degree from McGill University in 
May 1948, is now employed as process 
engineer at Carborundum Co., Niagara 
Falls, N. Y. 


Nicolas J. Cindric @ is now with 
the National Tube Co., Gary, Ind., 
enrolled in its engineering training 
program. 


Jacques R. LaPointe @, formerly 
a field engineer with the Koppers Co., 
has resigned to accept a fellowship, 
offered by Albany Felt Co., at the 
Mellon Institute, Pittsburgh. 


Edwin B. Johnson @, formerly a 
metallurgist with the Kaiser-Frazer 
Corp., is now employed as metallur- 
gist with the Cleveland Cliffs Iron 
Co. at Ishpeming, Mich. 


Joseph Ceder @ is now with Gitz 
Engineering as a shop foreman. 


H. M. Pfahl @, formerly service 
metallurgist for Carnegie-lIllinois 
Steel Corp., at Pittsburgh, is now 
sales engineer with U.S. Steel Export 
Co., New York City. 


Walter B. Levy @, who graduated 
from Colorado School of Mines in 
May 1948, has accepted a position in 
the metallurgical laboratory of the 
National Supply Co., Torrance, Calif 
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Buehler specimen preparation equip- 
ment is designed especially for the metallurgist, and 
is built with a high degree of precision and accuracy 
for the fast production of the finest quality of metal- 
lurgical specimens. 

1. No. 1315 Press for the rapid moulding of specimen 
mounts, either bakelite or transparent plastic. Heating ele- 
ment can be raised and cooling blocks swung into position 
without releasing pressure on the mold. 


2. No. 1211 Wet power grinder with 3/4” hp. ball bearing 
motor totally enclosed. Has two 12” wh mounted on 
metal plates for coarse and medium grinding. 

3. No. 1000 Cut-off machine is a heavy duty cutter for stock 
up to 3-1/2”. Powered with a 3 hp. totally enclosed motor 
with cut-off wheel, 12” x 3/32” x 1-1/4". 


4. 1505-2AB Low Speed Polisher complete with 8” balanced 
bronze polishing disc. Mounted to 1/4 hp. ball bearing, two 
speed motor, with right angle gear reduction for 161 and 246 
R.P.M. spindle s s. 


5. No. 1700 New Buehler-Waisman Electro Polisher pro- 
duces scratch-free specimens in a fraction of the time usually 
required for polishing. Speed with dependable results is ob- 
tained with both ferrous and non-ferrous samples. Simple to 
operate—does not require an expert technician to produce 
good specimens. 

6. No. 1410 Hand Grinder conveniently arranged for two 
stage grinding with medium and fine emery paper on twin 
grinding surfaces. A reserve supply of 150 ft. of abrasive 
paper is contained in rolls and can be quickly drawn into 
position for use. 


7. No. 1400 Emery paper disc grinder. Four grades of abra- 
sive paper are provided for grinding on the four sides of 
discs, 8” in diameter. Motor 1/3 hp. with two speeds, 575 and 
1150 R.P.M. 


8. No. 1015 Cut-off machine for table mounting with sepa- 
fate unit recirculating cooling system No. 1016. Motor I hp. 
with capacity for cutting 1” stock. 





Lr. Led, 


December, 1948; Page 863 























































THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT 
INCLUDES .. . CUT-OFF MACHINES @ SPECIMEN 
MOUNT PRESSES @ POWER GRINDERS @ EMERY 
PAPER GRINDERS @ HANDGRINDERS e BELT 
SURFACERS @ MECHANICAL AND ELECTRO POLISH- 
ERS @ POLISHING CLOTHS @ POLISHING ABRASIVES 

















DURASPUN 


SCREMPEONVEYOR 
/ rquiatle 


because it's 
properly alloyed 


because it's 
centrifugally cast 


Elita Castings 


can be more than con- 

ventional piping. Almost 

any roughly cylindrical shape 

can be cast centrifugally provided 

@ straight hole through the center is 
allowable. In the casting machine the 
molten metal is thrown outward, making 
it impractical to cast solid. 


This Duraspun Screw Conveyor is typical of the 
unusual castings produced in our centrifugal casting 
department. On straight piping, ovr machines are 
capable of turning out pipes ranging in 22” to 31” OD 
and, according to diameter, up to 15’ long. 


if you are interested in superior castings — more uniform, denser and 
pocket-free castings — order centrifugal castings. Write us about your 
requirements and we'll recommend the proper alloying elements to 
meet your corrosive, high temperature, abrasive conditions. 


THE HURALU COMPANY 


12—DU—4 
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Personals 


R. C. Singleton @ has been pro- 
moted from chief metallurgist and 
technical adviser at Nelson Stud 
Welding Co., Lorain, Ohio, to head 
of customer engineering department. 


Davis D. Wilson © is now em- 
ployed at the research and develop- 
ment laboratory of the New Mexico 
School of Mines, Albuquerque, N. M., 
as a research mechanical engineer. 


J. Earl Romer @, for the past ten 
years district sales manager of Bliss 
& Laughlin, Inc.’s, Cleveland office, 
has been appointed district sales 
manager in Hartford, Conn. 

® 


Frank Kayser @, until recently 
employed in the metallurgy depart- 
ment of Unitcast Corp. of Toledo and 
Canadian Unitcast, Ltd., is now at 
Massachusetts Institute of Technol- 
ogy engaging in research and study 
sponsored by Vanadium-Alloys Steel 
Corp. 


J. E. Micksch @ is with Lake City 
Malleable, Inc., Ashtabula, Ohio, as a 
research assistant. 


Miles Bloom ©, who graduated 
from Pennsylvania State College in 
June 1948, is now employed by the 
Youngstown Sheet and Tube Co., 
Youngstown, Ohio. 


Rex Deghuée @, a past chairman 
of the St. Louis Chapter of the 
American Society for Metals, has 
been returned to the Bethlehem Steel 
Co.’s home office after 21 years in 
the St. Louis district office. He has 
been assigned to rail sales. 


Eugene Cohn © and his father, 
Sidney Cohn, have established the 
Secon Metals Corp. in New York City 
for the sale and processing of plat- 
inum metals and alloys. 


Carl M. Carman ©, who recently 
received his M.S. from Ohio State 
University and who worked for Ohio 
State University Research Foundation, 
has accepted a position with the 
research and development department 
of the Babcock & Wilcox Co. in 
Alliance, Ohio. 


Theodore H. Gray @ has left the 
Westinghouse Research Laboratories 
to take the position of consulting 
metallurgical engineer with Metallur- 
gical Engineers, Inc., Portland, Ore. 


Having obtained a leave of absence 
from the Caterpillar Tractor Co., 
Raymond H. Hays © has returned to 
the University of Kentucky to work 
for a M.S. in metallurgical engineering. 











(ive New Life to Worn Parts 


. « « « Rebuild Them by the 


U NIONMELT Welding Process 


This automatic process saves time and money—weld- 
ing is fast—parts are returned to service quickly— 
new surface is often superior to original — 


Almost any part that can be suitably positioned can be rebuilt by the 
UNIONMELT welding process. It has been used successfully on parts such as 
steel mill rolls, guides, mandrels, journals; wheels for locomotives, cars, and 






















Rebuilding a 24 in. diameter press 
plunger. 


__ Sindee 






cranes; pipe molds, and press plungers and 
cylinders. 


Deposits of almost any thickness can be 
made of— 


High carbon, flame-hardenable steels 
Wear-resistant and hard-facing materials 


Corrosion- and heat-resistant steels 


With the Untonme t electric welding process 
clean, dense, uniform weld metal can be depos- 
ited at the highest known welding speeds. There 
is no glare, flash, or spatter during welding. I{ 
a finished surface is needed, only minimum 
machining is required because of the smoothness 


of the weld deposit. 


There are many Linpe methods of joining, 
rebuilding, forming, cutting and treating 
metals. Linpe Engineering Service can help 
you in production, construction, and mainte- 


nance. Just call the nearest Linpg office. 





{ flat surface is produced by offsetting 
each bead. 














Trade-Mark 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 
General Office: New York, N. Y. Offices in Other Principal Cities 


In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


The words “Linde ™ and “Unionmelt™ are registered trade-marks of 
The Linde Air Products Company 
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Making or Holding Products Uniform 


The Niagara “’No-Frost” Method in 
Low Temperature Air Conditioning 





High Precision Industrial Air Conditioning with extremely dry atmospheres 
(or with high relative humidities) at low temperatures. 


@ Specializing for thirty years in the more difficult problems of 
air conditioning for industrial processes, this Company has devel- 
oped a group of units that make it easier and less expensive for 
you to get the particular air conditioning benefits you may need 
for your special process, or to overcome some obstacle of climate 
or condition that is interrupting your production or causing loss 
from rejected parts or materials. 

The Niagara “No-Frost’”’ Method, for example, has been used to 
create temperatures as low as -90°F. in cold test rooms, and to pro- 
vide air with only 1 gr. of moisture per Ib. for special processing. 

The Niagara Type “A” Air Conditioner creates any condition of 
temperature and humidity for a test or process, and if wanted, 
creates different conditions in different rooms simultaneously. 

Some of the industrial applications of these units: internal com- 
bustion engines, motors and air craft, super-chargers and carbure- 
tors, gas cooling and controlled atmosphere process, film, plastics, 
fiber, rubber and adhesives control, biological processing such as 
penicillin, and yeast. 


Write for a Niagara Blower Bulletin on a subject 
which interests you, or for the address of the 
nearest Niagara Field Engineer. 


NIAGARA BLOWER COMPANY 


Over 35 Years of Service in Industrial Air Engineering 
Dept. MP, 405 Lexington Ave. New York 17, N.Y. 


District Engineers in Principal Cities 


INDUSTRIAL COOLING Ap HEATING @ DRYING 


NIAGARA 


HUMIDIFYING @ AIR ENGINEERING EQUIPMENT 
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Personals 





LeRoy H. Markway © is now 
employed with the Wood River, IIl., 
refinery of the Shell Oil Co., as a 
junior engineer. 


Lewis D. Conta © has left Air 
Reduction Research Laboratories at 
Murray Hill, N. J., to become pro- 
fessor of mechanical engineering at 
the University of Rochester. 


Henry E. Kiley ©, formerly on 
the engineering staff of Standard 
Machinery Co., has recently become 
associated with Universal Winding 
Co. of Providence, R. I., as research 
engineer. 


Frank J. Mehringer © has left 
the faculty of Massachusetts Institute 
of Technology to join Victory Plastics 
Co., Hudson, Mass., as research and 
development engineer. 


Ronald L. Vingoe @, formerly a 
research engineer at Battelle Memo- 
rial Institute, is now associated with 
the Pittsburgh Forgings Co. of Cora- 
opolis, Pa., as a metallurgical engineer. 


Charles J. Swan @, having grad- 
uated from Cornell University, is now 
participating in the training program 
of the Standard Oil Co. of Ohio, in 
Cleveland. 


Robert L. Ray @ is now with the 
new Joseph T. Ryerson plant in 
Emeryville, Calif., as metallurgist of 
the special steels department. 


Having recently graduated from 
the University of Utah, Ivan L. 
Nichols @ has been employed as 
assistant metallurgist at the Pacific 
Bridge Co., Park City, Utah. 


R. Wayne Parcel @ has recently 
been appointed assistant professor of 
metallurgy at Carnegie Institute of 
Technology. 


Joseph A. Bowman © has been 
transferred to the Rochester, N. Y., 
office of Brown Instrument Co. from 
the Syracuse office. 


William F. Hofmeister @ is now 
research metallurgist at Chain Belt 
Co., Milwaukee, Wis. 


Upon graduating from the Michi- 
gan College of Mining and Technol- 
ogy, Rodney P. Roehm @ has accepted 
employment with the Wyman-Gordon 
Co. in Worcester, Mass. 


Ulf Landergren @, on leave from 
the Electrical Welding Co. of Gothen- 
burg, Sweden, is now studying at 
Carnegie Institute of Technology, 
Pittsburgh, toward his doctor’s degree. 


4, 
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BALDWIN 


IMPLEMENTS THE 


NEW TREND 
IN STATIC TESTING 


a io 


oe! aw 


(Above) New 5,000,000 Ib. machine at left. At right is a 600,000 Ib. Baldwin machine. 


The largest universal testing 
machine in the world, built to 
Navy specifications by Baldwin, 
is now at work in the Aeronautical 
Structures Laboratory at the Phila- 
delphia Naval Base. It is capable 
of applying loads of 5,000,000 
pounds in tension and compres- 
sion, ON specimens up to ten feet 
wide and thirty feet long. Flexture 
loads may be applied to structures 
up to 50 feet long. 

Initial assignment of the new 
machine is in the field of aircraft 
development. Full-sized simu- 
lated aircraft structural members 
and assemblies of aluminum and 
magnesium will be tested. The 
aim is to achieve the optimum in 
shape, weight and strength and 
also to develop factors to take 
care of ‘‘size effect,” thus permit- 
ting more trustworthy projection 
of test-specimen results, and 


making model testing a more 
accurate basis for design. 

Engineers today are increas- 
ingly reluctant to assume direct 
correlations between tests of small 
specimens and performance of 
large sections or structures, and 
are demanding verifying evidence 
—which can only be provided by 
large capacity machines. To meet 
this requirement, Baldwin has 
buile and installed eight other 
universal testing machines, with 
capacities of 1,000,000 to 4,000, 
000 pounds. The effectiveness of 
these new tools has been magni- 
fied many times through use of 
the Baldwin SR-4* strain gage, 
which accurately reports the stress 
pattern in the part under study. 

If full-scale testing has become 
an essential in your business, 
Baldwin will be glad to discuss 
your problem with you. 


(Above) “Nerve 
center” of the 
new testing 
machine. Large 
dials show load. 


(Right) Eccentric 
load test pro- 
duced only a frac- 
uon of allowable 
deflection. 


(Below) An 8-in. 
test specimen it 
snapped under a 
4,200,000 Ib. 
load. 
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The Baldwin Locomotive Works, Philadelphia 42, Pa., U.S.A. 
Offices: Boston, New York, Philadelphia, Houston, St. Louis, 
Chicago, Cleveland, Pittsburgh, San Francisco, Seattle, Wash- 
ington. In Canada: Peacock Brothers, Ltd., Montreal, Quebec. 


*Trade Mark Registered U. S. Patent Office 
TesTING HEADQUARTERS BALDWIN 
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MUlitmcet-ime-l ame Gold Cup winner for ‘48 Personals 


Following graduation from the 
Pennsylvania State College, Owen A. 
Ridenour @ has accepted a position 
in the quality control department of 
the Steubenville, Ohio, works of the 
Wheeling Steel Corp. 


Gilbert P. Muir @, formerly editor 
of “Watkins Cyclopedia of the Steel 
Industry” and of Steel Processing, 
has been appointed editor of the Tool 
Engineer, official publication of the 
American Society of Tool Engineers. 


Depended on Wiis aa Chaat aii T 


Formerly metallurgist for the 
Firestone Tire and Rubber Co., Carl 
M. Erb @ is now a vendor contact 
metallurgist for the Kaiser-Frazer 
Corp., Willow Run, Mich. 


Robert B. Smock © has trans- 
ferred from the special projects sec- 
tion, aviation ordnance department, 
Naval Proving Ground, Dahlgren, Va., 
to the instrumentation section, tech- 
nical development department, Naval 
Aviation Ordnance Test Station, 
Chincoteague, Va. 


Photo Courtesy The Detroit News 


UNUSUALLY ROUGH RACING CONDITIONS 
DISABLED 12 OUT OF 14 BOATS 


Properly selected alloy steel, from which vital equipment 
was fabricated, played a leading role in winning the grueling 
1948 Gold Cup race that saw only 2 of 14 starters cross the 
finish line. The winner, “MISS GREAT LAKES”, driven by 
Danny Foster and owned by Al Fallon, had underwater struts, 
rudder, jack shaft and steering pitman arm made from 
Wheelock, Lovejoy HY-TEN B #8X steel. This particular alloy 
was selected and properly heat treated to meet the most rug- 
ged conditions possible. The fact that not one of these parts 
failed or even bent, in spite of the terrific beating they took, 
is ample proof of HY-TEN’s superior physicals. And it’s proof 
too that Wheelock, Lovejoy knows steel. Perhaps you have a 
tough job that demands just the right steel write Wheelock, 
Lovejoy today. 


WL steels are metallurgically constant. This guarantees 
uniformity of chemistry, grain size, hardenability — thus eli- 
minating costly changes in heat treating specifications. 


‘NOILINGOYd YOI SONIDYOS ONY $131TI9 


George A. Risko @, whd graduated 
in September 1948 from the school of 
mines, University of Pittsburgh, is 
presently employed by the National 
Tube Co. as a junior metallurgist. 


David A. Elmer @, who was for- 
merly with the California Institute of 
Technology, is now with C. F. Braun 
& Co.’s research department in 
Alhambra, Calif. 


Jos. B. Clough @ has recently 
become associated with the A. W. 
Hecker Co., Cleveland, as assistant 
to the president. 


John J. Uppgren @ is now instruc- 
tor in foundry practice at the Univer- 
sity of Minnesota. 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. . Wayne L. Cockrell @, formerly 
senior metallurgist at Oak Ridge 
National Laboratories, is now a 
project engineer with the Kellex 
Corp., New York City. 


After receiving his M.S. degree 
from the Pennsylvania State College 
9 in June 1948, John F. Beck @ is now 
& CO associated with the Babcock & Wilcox 
** Warehouse Serrice Tube Co., Beaver Falls, Pa. as a 
I N ¢ . o's research metallurgist. 


CAMBRIDGE - CLEVELAND 


134 Sidmey Si., Cambridge 39, Mass. Stracrr. surraco Wm. Hawkesworth @ has recently 
CINCINNATI changed positions from the technical 


In Canad? service department, Bridgeport Brass 

SANDERSON-NEWBOULD, LTD., MONTREAL i i 
AJAX DISTRIBUTING co ine. pomante Co., to metallurgist, Gibbs and Cox, 
Inc., naval architects, New York City. 


T. W. Sproull © is now employed 
and AISI by the Babcock & Wilcox Co. at 


Barberton, Ohio. 
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APPLICATIONS 





ALSIFER 


Used principally as a steel 
deoxidizer and for grain 
size control. 





FERRO CHROMIUM 
High Carbon Grade 


Iron Foundry Grade 


Low Carbon Grades 


For wrought construc- 
tional steels and steel and 
iron castings. 

For alloyed cast irons. 
Readily soluble as a ladle 
addition at the lower tem- 
peratures of cast iron. 


For low carbon chromium 
steels, especially those with 
high chromium content, 
such as stainless and heat- 
resistant types. 





FERRO SILICON 
25-30% Grade 


50% Grade 


75% Grade 


High Silicon Grades 


Aluminum... ... 20% 
Es os ccccad 40% 
he b+cchened 40% 
Chromium. . . .66-70% 
Carbon........ 4-6% 
Chromium. . . .62-66% 
ss s60aed 4-6% 
SE sevccsd 6-9% 
Chromium. ...67-72% 
Carbon. . .06%, .10%, 
1 5%, J . 
1.00% and 2.00% max. 
Silicon....... 25-30% 
ee 47-52% 
Silcen....... 74-79% 
Silicon. .... 80-84.9% 
Silicon. .... 85-89.9% 
Sillcon....... 90-95% 


Deoxidizer for open 
hearth steels; also for high 
silicon, corrosion-resistant 
iron castings. 

Used as a deoxidizer and 
for the addition of silicon 
to high silicon steels, for 
springs, electrical sheets, 
etc. Pulverized form used 
as ladle addition to cast 
irons for silicon content 
and graphitization control. 
For high content silicon 
steels, such as spring steels, 
sheets and forgings of high 
magnetic qualities for elec- 
trical apparatus.., 

For high content silicon 
steels where smal] ladle ad- 
ditions are used for re- 
quired silicon content. Also 
for manufacture of hydro- 
gen by reaction with caus- 
tic soda and production of 
magnesium by the Pidgeon 
process. 





FERRO TITANIUM 
High Carbon Grade 


Medium Carbon 
Grade 


Titanium... .. 15-18% 


COPBOR. «2.000 6-8% 


Carbon...... 3-4.50% 


Final ladle addition to 
control “rimming” action 
and to clean effervescing 
steel. Final deoxidizer and 
scavenger for steel castings 
and fully killed ingot 
steels. 

Often preferred to the 
High Carbon Grade as a 
final ladle addition to very 
low carbon rimming or 
effervescing steels. 





Low Carbon Grades Titanium..... 20-259 Carbide stabilizer in high 
20-25% TiGrade Carbon...max. 0.10G% chromium corrosion-resist- 
Silicon...... —.o Some Se 
uminum content. Deoxi- 
Aluminum max. 3.50% dizer for some casting and 
forging steels. 
40% Ti Grade Titanium. .... 38-43% Carbide stabilizer in high 
Carbon. ..max. 0.10@ chromium corrosion-resist- 
Silicon max. 4% ant steels, where smaller 
Aluminum. , " max. 8% ladle additions are desired 
— . and extremely low alumi- 
num content is not e¢s- 
sential. 
DIU Vanadium. ...91.159% For special iron-free (non- 
= aes ETAL Aluminum. .... 2 a ferrous) or low iron alloys 
Silicon. ....... or low impurity ferrous 
Carbon....... 0.17% soy 
95% Grade Vanadium. . . .95.189% Principally for research on 
Aluminum. .... 2.00% the properties of pure 
ys, where very low iron 
Silicon. ....... 0.27% Alloys, wh 


VANADIUM 


- 


content is essential. 


(CORPORATION O 





FERRO VANADIUM Vanadium. .. .35-45% 


For low percentage vana- 














dium content of rolled 
Grade “A” 50-55% o* 
ged or cast construc- 
(Open Hearth) eee “~~ mgt tional steels. Also used in 
arOONn. . . MAX. o- vanadium cast irons. 
Grade “B” Vanadium... .35-459% For tool steels and special 
(Crestéte) OS SSF centages of venadiam., ia 
a ’ a aan which required limits for 
al >» MAX. VU. carbon and silicon are 
narrow. 
Grade “C” Vanadium. . . .35-45% ad hapten hy tpn 
(Primos) et centages of vanadium 
and exceptionally low car- 
70-80% bon and silicon content. 
Silicon. . .max. 1.25% 
Carbon. ..max. 0.20% 
VANADIUM PENTOXIDE V20s.....90% A source of vanadium in 
asic electri urna 
a Grade steels. A base for numer- 
used Form ous chemical compounds. 
Technical Grade = V20s....... 83-85% A base for preparation of 
Air Dried Form numerous chemical com- 
pounds (catalysts, etc.). 
GRAINAL ALLOYS Vanadium... - 25.00% Practical and economical 
Vanadium Grainai Aluminum. . . . 10.00% intensifiers for controlling 
Titanium..... 15.00% and increasing the capac- 
No. 1 Boron 0.20% ity of steels to harden, and 
ae eeR for improving other im- 
portant engineering and 
physical properties 
Vanadium Grainal Vanadium. ...13.00% See above. 
No. 6 Aluminum. . . .12.00% 
Titanium. .... 20.00% 
RR 0.20% 
Grainal No. 79 Aluminum. ...13.009% See above. 
Titanium. .... 20.00% 
Zirconium. .... 4.00% 
Manganese. . . .8.00% 
a 0.50% 
GS 5.00% 
GRAPHIDOX No. 4 Silicon. ......42-469 For graphitization of iron; 
Titanium...... 9-11G, iadle treatment insures 
Calcium....... .5-7% normal graphite, free from 
: dendritic structure; re- 
duces chill; efficient inocu- 
lant in production of high 
strength irons 
OUNDRY Chromium. ...38-42% Used in cast irons as a 
alae Silicon....... 17-19% = —e ee 
Gg, cml, promotes uniformity 
V-5 Grade Manganese. . . .8-11% of structure, increases 
strength and hardness. 
V-7 Grade Chromium. ...28-32% See above. 
Silieen....... 15-21% 
en .14-16% 





BRIQUETTES 


Ferro Chromium 
Ferro Silicon 


. Weigh ap- 
a % Ib. ~ he 
tain 2 Ib. of chromium. 


Two sizes, both cylin- 
drical, one containing 
1 Ib. of silicon; the 
other, 2 Ib. of silicon. 


A practical and convenient 
form for adding ferro-al- 
loys to the cupola 


See above 





MISCELLANEOUS 


Special ferro-alloys, 
metals, chemicals and 


carbides. 
AME 


To meet individual re- 
quirements. 





RICA 




















































































HEAT EXCHANGERS 


HYDRAULIC 


PRESSURE SYSTEMS 


There's nothing like knowing—in advance—that Superior 
tubing possesses the inherent qualities of safety, endurance 
and reliability so necessary when the tubing is to be used to 
contain liquids or gases under pressure. Superior tubing in 
carbon and stainless steels is produced to respond excellently 
to bending, flaring, flanging, pulsating, etc.—made with 
relatively high endurance characteristics that eliminate early 
tube failure. 
With Superior tubing you get a// of these qualities— 
. Straight, clean, bright tubing—for smooth flow of media. 
. Square cut and deburred ends—for ease of fabrication. 


. Maximum, uniform softness—for ease of bending and flaring. 
. Standardization under current ASTM specifications. 


We welcome the opportunity to furnish you with full 
information regarding your particular tubing requirements 
Bulletin #31, listing analyses available and commercial 
tolerances, will be sent upon request. 


We will be glad to see you at our Booth #1829 at the National 
Metal Exposition. 


woeltlal 


SUPERIOR TUBE COMPANY 


2008 GERMANTOWN AVENUE e NORRISTOWN, PA. 


For Superior tubing on the West Coast, call PACIFIC TUBE 
COMPANY, $710 Smithway Street, Los Angeles 22, Cal., ANgeles 2-2151 
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Personals 


Following graduation from the 
University of Illinois, Joseph B. Selle 
@ has joined the Ohio Steel Foundry 
Co., Springfield, Ohio, as a sales 
engineer. 


Stuart M. Hansen @, who gradu- 
ated from Michigan College of Min- 
ing and Technology in June 1948, is 
now located at the Lackawanna, Pa., 
plant of the Bethlehem Steel Co., 
training in the “loop” course. 


Edward A. Erickson @ has re- 
signed from Battelle Memorial Insti- 
tute to accept a position as senior 
combustion engineer in the Sears, 
Roebuck Mechanical Testing and 
Development Laboratory, Chicago. 


Edward W. Roath @ has been 
promoted from assistant general 
superintendent of Kennecott Wire & 
Cable Co., Phillipsdale, R. I., to super- 
intendent of the company. 


I. Jordan Kunik © recently joined 
the patent department of International 
Telephone & Telegraph Corp., New 
York City, as a patent attorney. 


Frank J. Ross @ is a research 
chemist in the U. S. Naval Research 
Laboratory, High Polymer Section, 
Washington, D. C. 


R. J. Zale @ has recently been 
transferred to the Rochester division 
of the Lindberg Steel Treating Co., 
where he is plant metallurgist. 


George Reed @, who was formerly 
sales engineer for the Steel and Tube 
Division, Timken Roller Bearing Co., 
at Houston, Texas, is now chief 
inspector at the Berwick, Pa., plant 
of the American Car and Foundry Co. 
and assistant manager of inspection 
for the eastern plants of the company. 


George J. Salvaggio ©, who re- 
cently received his master’s degree 
from Carnegie Institute of Technol- 
ogy, is now employed as research 
engineer in the research and develop- 
ment department of Jones & Laugh- 
lin Steel Corp., Pittsburgh. 


William L. Frankhowser © has 
been recently employed by Babcock 
& Wilcox Tube Co. in Beaver Falls, 
Pa., as a student in its engineer 
training program. 


Donald E. Nulk @ has accepted a 
research assistantship at Carnegie 
Institute of Technology, where he 
will continue his graduate studies and 
work at the Metals Research Lab- 
oratory on an Atomic Energy Com- 
mission project. 








High Temperature 
Lubrication...400°F. and up! 


Clean parting of castings from permanent molds is an important demand 
of efficient foundry operation. The Arrow Aluminum Castings Company, 
Cleveland, Ohio, gets better mold reproduction, longer mold life, easier 
parting and smoother surfaces on its castings by coating permanent molds 
with “Sono-Graph”, a mold wash produced with “dag” colloidal graphite 
by the Mealey Grease and Oil Company, Cleveland, Ohio. 


In countless other industries too...wherever high temperature lubrication 
is a problem ...one of the many “dag” colloidal graphite dispersions is 
the likely answer. This extremely versatile substance can also 
be used in opaquing, in general lubrication, 
in impregnating and in electronics work. 













Acheson Colloids engineers may be 
able to help you with your problems. 
Clip the coupon and mail now. 


Acheson Colloids Corporo- 
ticn, Port Huron, Michigan; 
Boston; New York; Phila- 
delphia; Pittsburgh; Cleve- 
land; Detroit; Chicago; 
St. Louis; Los Angeles; 
San Francisco; Toronto. 





Send us information on “dag” colloidal 
graphite dispersions for: 


General lubrication LJ 


Extreme (high or low) 
temperature lubrication C) 


Parting LJ 
Impregnation LJ 
Electronic applications 


Opaquing 











Acheson Colloids 


Corporation 
Port Huron, Michigan 
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Pouring into permanent 
molds at the Arrow Aluminum 


Castings Compony, Cleveland, Ohio 


da 


COLLOIDS 














dieselization 
Diesel engines in railroad 
locomotives are piling up 
an enviable trouble-free 
performance record. Many 
castings in these engines con- 


tain specified Molybdenum 
contents. 


When wear or heat must be 
resisted, and high strengths 
are required, the use of 
Molybdenum in cast iron is 
becoming more and more 
routine. 


The listing of a cylinder liner 
for Diesel use in railroad lo- 
comotives containing 3.20% 
Carbon, 1.90% Silicon, 0.85% 
Manganese, with 0.20% Chro- 
mium, 0.40% Molybdenum 
and 0.45% Nickel added can 
be found on page 10 of our 
new booklet — “Applications 
of Molybdenum Cast Irons.” 


Dozens of other alloy cast iron 
compositions used in Diesel 
engines, as well as hundreds 
of other Molybdenum- 
containing compositions are 
similarly listed in this new 


booklet. Write for it! 


500 Fifth Avenue 
New York City 








Please send your FREE BOOKLET = 
“Applications of 
Molybdenum Cast Irons” 





Personals 


Valore L. Marcinak @ is now vice- 
president-treasurer of Tech Adgency, 
an advertising agency specializing in 
metallurgical products. 


Anthony S. Rugare @ is presently 
engineer in charge of germanium 
diode production at the General Elec- 
tric Co., Syracuse, N. Y. 


Cecil J. Bier @ is now chief engi- 
neer and partner of Powmetco, Inc., 
which has moved its entire plant 
from Pittsburgh, Pa., to East Port 
Chester, Conn. 


Harry K. Ihrig @ has been elected 
vice-president and director of lab- 
oratories of Globe Steel Tubes Co. 
Dr. Ihrig has been with the company 
since 1934. 


R. Sidney French @, research met- 
allurgist for Bridgeport Brass Co. for 
the past ten years, has affiliated him- 
self with Metallurgical Products Co., 
Bridgeport, Conn., as vice-president. 


William J. Bronkala, Jr.. @, a 
recent graduate of the University of 
Minnesota’s school of mining and 
metallurgy, has joined Stearns Mag- 
netic, Milwaukee, as an assistant 
physicist and research engineer. 


John G. Dean @ has been appointed 
head of the industrial chemicals sec- 
tion, Development and Research Div., 
The International Nickel Co., Inc. He 
has been associated with the company 
since 1942 as a senior fellow in Inter- 
national Nickel’s fellowship at Mellon 
Institute of Industrial Research and 
as an advisory fellow at the head- 
quarters in New York. 


Anthony R. Ciuffreda @, formerly 
with Metal & Thermit Corp., has 
accepted a position on the engineering 
staff of the Standard Oil Develop- 
ment Co., Linden, N. J. 


Wheeling Bronze Casting Co. @ 
announces the appointment of Harry 
P. Croft @ as vice-president in charge 
of development. Dr. Croft was for- 
merly associated with the Chase 
Brass & Copper Co., Inc., and during 
the war he served as copper consult- 
ant for the Bureau of Conservation, 
Office of Production Management, and 
as chief of the Industrial Division, 
Cleveland Ordnance District. He was 
elected a trustee of the @ at the 
annual meeting on Oct. 27, 1948. 


Alfred Strasser @, having gradu- 
ated from Purdue University in June 
1948, is now a junior metallurgist at 
the M. W. Kellogg Co.’s_ special 
projects division, Jersey City, N. J. 
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HIGH 

SENSITIVITY 
TEMPERATURE 
MEASUREMENT 





is one of the 
many applications of this 


PORTABLE PRECISION 
POTENTIOMETER 


Distinctive features include: 


1. High sensitivity, sturdy, built-in Pointer- 
lite galvanometer— permits balancing 
to within 2 microvolts in low-resistance 
circuits—better than 0.05° C. on iron- 
constantan couples. 


. Completely self-contained assembly — 
no external accessories except the 
thermocouple circuit. 


- Two full-scale ranges—O to 16.1 milli- 
volts and 0 to 161 millivolts—readable 
to within 2 and 20 microvolts re- 
spectively. 


. Convenient arrangement of galvanom- 
eter scale, potentiometer dials, keys 
and battery rheostats for greatest 
ease in reading and adjustment. 


. Sturdy, compact construction for many 
years of service under hard use. 


Portable Precision Potentiometers are 
available in a selection of ranges up to 
1.6 volts. Described with other Rubicon 
potentiometers in Bulletin 270 and 270-A. 


OTHER RUBICON PRODUCTS 





Galv fers @ Resista Stondords 
Resistonce Bridges ¢ Magnetic Hordness 
testers for production testing « Evelyn 
Photoelectric Colorimeter for rapid ond 
precise chemical analysis of metals « Mog- 
netic Permeameters « Other equipment 
involving precise measurement of 
e!sctrical quantities. 


RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Avenue ¢ Philadelphia 32, Pa. 























3 ways photography shows composition of materials 


Spectrography . . . To record composition 
quantitatively and qualitatively, Kodak 
offers 108 specialized materials. For general 
spectrographic use, however, Kodak recom- 
mends two emulsions: Kodak Spectrum 
Analysis No. 1 Plates and Films for high 
contrast, low background density, and low 
granularity; and for a more uniform con- 
trast-wavelength relation, Kodak Spec- 
trum Analysis No. 2 Plates and Films. 


X-ray diffraction . . . To record crystal- 
line composition, stresses, and thermal his- 
tory by x-ray diffraction, the fastest film to 
use is Kodak Industrial X-ray Film, 
Type K. When smooth microdensitometer 
traces rather than highest film speed are 
required, use fine-grain Kodak Industrial 
X-ray Film, Type A. 








ee 
— 
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This spectrogram of a piece of stainless 
steel shows it to contain chromium, nickel, 
and iron, but none of the other alloying 
elements commonly found in commercial 
stainless steel. 





This x-ray diffraction pattern shows, by 
the density variations along the Debye- 
Scherrer rings, notably by the patchy 
center, that the stainless steel used above 
is not isotropic in its properties. 








Electron diffraction . . . To record the 
nature and composition of thin films, layers, 
surface reaction products of materials by 
electron diffraction, Kodak offers the follow- 
ing products: Kodak Medium Lantern 
Slide Plates, and Kodak Contrast Lan- 
tern Slide Plates, and for the most critical 
work, Kodak Spectroscopic Plates, Type 
548-0. Users also report that many highly in- 
formative electron diffraction patterns have 
been recordedon Kodak Verichrome Film. 


Kodak will send you free: a copy of the booklet 
*‘Materials for Spectrum Analysis’’ and a chart that 
tabulates Kodak films for x-ray diffraction. Your 
specific questions on Kodak Lantern Slide Plates 
for electron diffraction, and on other products 
mentioned above, will gladly be answered by 
correspondence. 


Eastman Kodak Company, Rochester 4, W. Y. 


‘‘Kodak’’ is a trade-mark 





This electron diffraction study (below) of 
the surface of the same stainless steel 
shows the presence of a thin layer, formed 
when the steel was treated with concen- 
trated nitric acid for greater resistance to 
corrosion. 


FUNCTIONAL 
PHOTOGRAPHY 


... 1S advancing 
industrial technics 

















“Brake Shoe Research serves you today and anticipates tomorrow” 


Wm. 8. Given, Jr., President 





STINGS PILOTED HERE 


give you 


R YOUR PURPOSE 


CA 


THE BEST FO 








ASTINGS 


. Meehanite® 


Gray iron, 


C 


- ABK Metal 
plain or alloyed 


@ In this completely equipped ex- 
perimental foundry you can get impartial experience-based recom- 
mendations as to which of these three types of metals will serve you 
best for your cast parts. It is one building of a group at Mahwah, 
N. J., the national research headquarters of American Brake Shoe 
Company. 

Whichever metal proves best for you, Brake Shoe foundry tech- 
niques can benefit you in both pilot and production foundries at 
Mahwah, N. J., and in the company’s production foundries at Mel- 
rose Park, Ill., and Baltimore, Md. 

At these plants, castings can be made in widely-used types (light, 
medium or heavy weight, green or dry sand or all core assemblies) 
including intricate and special types. Write us about your needs; 
let us tell you what we at Brake Shoe can do to meet them. 


6205 
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Recent Metallurgical 
Progress in France 


By M. G. Corson 


FRANCE was occupied by the Ger- 
mans from June 1940 to August 
1944—almost to the end of the 
war. Knowing how disdainfully 
Hitler looked upon his adversaries, 
one might have expected to hear 
that the Germans reduced the 
French to a position only a little 
better than the one left to the 
Poles. One would have expected the 
French blast furnaces to work stren- 
uously under the German whip 
and French openhearths to run 
large amounts of ingots or billets 
to be processed further by the only 
noble race. One would have 
expected the French metallurgists 
to be engaged in the nearly menial 
tasks of chemical testing and sim- 
plest physical checking of the 
intermediate products. 

The real situation appears to be 
quite different. Scientific work done 
by the French metallurgists in 1942 
to 1945 was at least as good and 
thorough as it was before the war 
—in my own opinion it was much 
deeper and carried more precision 
than the work done before, let’s 
say, 1934, when I made my latest 
visit to France. 

I would not dare to pass moral 
judgment on our French colleagues, 
even though it is quite obvious that 
their painstaking investigations 
greatly benefited the common 
enemy — but I must state the very 
unpleasant truth, that the Germans 
did not treat the French metal- 
lurgists as enemies. Quite to the 
contrary, they encouraged the 
Frenchmen to do substantial scien- 
tific work and granted them even 
enough paper to publish their 
results. It was kind of them! 

The following represent pale 
abstracts of some of the substantial 
papers published ir the Revue de 
Métallurgie for 1944. 


Toughness 


HE center of gravity of a paper 

by J. Pomey (“A Contribution 
to the Study of Fragility”, p. 17, 49 
and 83) lies in the problem of 
impact resistance. His preliminary 
tests on three types of structural 
alloy steel (one Ni-Cr and two 
Cr-Mo steels with carbon around 
0.40%) have shown that no treat- 

(Continued on p. 876) 












@ Since 1924, when the first heat of ENDURO 
Stainless Steel was poured, productive capacity 
for this versatile corrosion- and heat-resistant 
metal has been increased constantly through one 
expansion program after another. 


Recent completion of ENDURO Plant No. 2 in 
Massillon, Ohio, marks another milestone in 
Republic Steel’s continuing drive toward fur- 
nishing an ever-increasing supply of quality 
steels for industry. Latest and largest in three 
major expansion programs, this new multi- 
million dollar plant was especially designed 
and built for the production of stainless steel 
+ « « making a total of eight Republic plants 


EXPANDED 
IMPROVED 
FACILITIES 


PRODUCTION 
iY) 


now engaged in the production of ENDURO. 


Primary rolling equipment for strip sheets in 
the new plant includes 54-inch and 66-inch 4- 
high cold reducing mills and a 66-inch 4-high 
skin pass mill, with supplementary equipment 
for annealing, pickling, slitting, trimming 
and cutting. 

This installation represents the world's largest of 
its kind devoted exclusively to the manufacture 


of stainless steels, and will permit rolling of 
coils in widths not heretofore obtainable. 


Republic—world’s largest producer of alloy and 
Stainless steels—invites your questions. 


REPUBLIC STEEL CORPORATION 


Alley Steel Division « Massillon, Ohio 
GENERAL OFFICES, CLEVELAND 1,0H!IO 
Export Dept.: Chrysler Bidg., New York 17, N.Y. 


ENDURO STAINLESS STEEL 





Other Republic Products incude Carbon and Alley Steels —Pipe, Sheets, Strip, Plates, Bers, Wire, Pig iren, Belts and Nets, Tubing 
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Tumbling barrels completely 
fabricated by Ampco Metal, 
inc. of Ampco-8 sheet, weld- 
ed with Ampco-Trode cor- 
rosion-resistant arc welding 
electrodes. Studs are welded 
te base of barrels for mount- 
ing on tumbling turntoble. 


Am p CO Metal 


makes tumbler-barrel costs tumble 


Using Ampco rolled sheet cuts 
maintenance and replacements 


Tumbling barrels are used to clean 
rivets, screws, nuts, and a variety 
of similar small parts. Formerly, 
they wore out quickly—because of 
the cleaning solution’s corrosive 
action, and the abrasive effect of 
swirling metal parts, Replacement 
costs were high, until the manu- 
facturers switched to tumbling 
barrels fabricated with Ampco-8 
sheet. This durable, corrosion-re- 
sistant alloy solved their expensive 
replacement problem in jig-time. 


That is just one more case of the 


money-saving value of Ampco 
Metal’s unique physical properties. 
Hundreds of companies use dur- 
able Ampco Metal and Ampcoloys 
in their own products as selling 
features—and in their production 
equipment as insurance against 
heavy maintenance and replace- 
ment costs on parts subject to wear. 


Call in your nearby Ampco engi- 
neer for cost-cutting suggestions. 
Write for complete information on 
Ampco — extrusions, forg- 
ings, sheet, and fabricating service. 


Ampco Metal, Inc. 


Department MP-12 ° 


Milwaukee 4, Wisconsin 


Field offices in principal cities 


Non-sparking 
safety tools 
‘ 


Fabricated 
assemblies 


Corrosion- 


Specialists in engineer- 
ing, production, finish- 
ing of copper-base alloy 
perts and products. 


resistant pumps Castings 
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Toughness 


(Continued from p. 874) 


ment can result in a product com- 
bining both a maximum endurance 
and a maximum resilience (impact 
resistance). This is because the 
maximum endurance, obtainable by 
tempering near 350°C. (660° F.), 
is accompanied by a minimum of 
resilience — while the maximum of 
the latter, obtainable at around 
650°C. (1200°F.), is connected 
with a rapid decline in the absolute 
endurance value. On the other hand 
this maximum of resilience is fol- 
lowed by a high ratio of endurance 
to ultimate tensile strength. 

Next Pomey investigated the 
characteristics of nine structural 
steels coming either from the open- 
hearth or the arc furnace. Test 
bars were taken both in the longi- 
tudinal and the transverse direc- 
tions. In every steel the well-known 
fact that the ultimate tensile 
strength changes but little from one 
direction to the other found perfect 
corroboration. The endurance and 
resilience values differed, however, 
to a considerable extent — always 
in the same direction but not in 
the same amount. The drop in 
impact strength (using Mesnager’s 
test bar) was always greater than 
the drop in endurance. On the 
other hand, certain of the steels — 
particularly samples taken from 
round billets — had nearly the same 
resilience and fairly close endur- 
ance values in both directions. 

Pomey used Cazaud’s formula 


? 
a K, 
f, - r+ 02 + 0.035. /K + oa(F) | 
I 


where f is the endurance limit in 
kg. per sq.mm. 

R is the ultimate tensile 

strength in kg. per sq.mm. 

K is the impact energy in 

kg-m. absorbed per sq.cm. 

Subscript T represents 

transverse direction, and 

subscript Lrepresents 
longitudinal direction. 

In its reduced form this becomes 


f=7+R (0.255 + 0.035\/K). 


Pomey computed the probable 
endurance value for a given steel 
in a given direction from the sim- 
plified formula, knowing R, the 
ultimate tensile strength, and K, the 
impact strength in that direction, 
and found the computed results to 
agree with the experimental results 
within 10%. 

(Continued on p. 878) 





j ..lts Ability to Cut Costs 
Now Definitely Proved! 


The sensational performance of grinding 
wheels of 32 ALUNDUM abrasive is now an 
established fact—definitely proved in thou- 
sands of plants the country over by over two 
years of steadily increasing use. 32 ALUNDUM 
abrasive is entirely different from any other 

f abrasive—made without crushing by a Norton 
developed and patented process. 


» ‘432”" Wheels Are Sharper 


Each grain of 32 ALUNDUM abrasive forms 
as a single, complete crystal with many sharp 
points on all sides for faster, cooler cutting. 


4432” Wheels Contain More 
4 Usable Abrasive 


| The grains of 32 ALUNDUM abrasive are over 
99% pure fused alumina no non-cutting slag 
nor pores. Their greater resistance to dulling 
gives longer wheel life. 


32 ALUNDUM grinding wheels are available 
in all standard sizes—in both regular and open 
structures. They can cut costs for you on 
cylindrical, centerless, surface, tool and inter- 
nal grinding. Ask your Norton abrasive engi 
neer or Norton distributor for specific recom 


we 


mendations. 


x NORTON COMPANY 


* 
\ Worcester 6, Mass. 
¥ Distributors in All 
a. Principal Cities 


W-1136-A 





The Greatest Cost-cutting Development in, Abrasives in Over Forty Years 











Developed by Ht, 1935 for 


MORE ACCURATE, LOWER-COST CASE HARDENING 


OLCROFT engineers established the basic principle on which al] 

modern gas carburizing furnaces operate—namely, that in order 

to control the process, a non-decarburizing gas must be used to dilute 

the hydrocarbon gases which supply the carbon for carburizing. In 

order to apply this principle, Holcroft & Company in 1935 designed 
and built a generator to produce such a diluting gas. 

This patented development—resulting from original Holcroft re- 
search—brought all the advantages of today’s gas carburizing process. 
These include (1) accurate control of case depth and carbon content; 
(2) exceptionally clean, soot-free work; (3) a notable increase in furnace 
alloy and tray life; and (4) greater output with much less labor. Because 
of these advantages, gas carburizing is rapidly replacing pack carbu- 
rizing throughout industry. 

Further details on the process are given in the Holcroft Gas Carbu- 
rizing bulletin, available on request. 


The Holcroft engineering leadership which developed gas carburizing is 
available to serve YOU in production heat treat work of every kind. And 
remember—Holcroft offers you COMPLETE METALLURGICAL AND 
ENGINEERING SERVICE, from designing the furnace to your individual 
needs through the trial run in your plant. We invite your inquiries. 


SINCE 1916 


6545 EPWORTH BivD. DETROIT 10, MICHIGAN 
CHICAGO 3 CANADA HOUSTON 1 
C.H. MARTIN, A.A. ENGELHARDT WALKER METAL PRODUCTS, LTD R.E MCARDLE 
1017 PEOPLES GAS BLDG. WALKERVILLE, ONTARIO S724 WAVIGATION BLVD. 
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Toughness 


(Continued from p. 876) 

The second part of Pomey’s 
paper compared impact tests using 
various test bars. Hundreds of tests 
were made but the scientific results 
were not encouraging. No corre- 
spondence between the values 
obtained using the different test 
bars was found, nor was any one 
decidedly superior in the task of 
detecting quality differences. Pomey 
remarked that far better methods 
for a_ scientific approach to the 
study of impact strength can be 
devised. 

In the third part of Pomey’s 
paper the reader can find plenty of 
theoretical considerations regarding 
the pure stress of de-cohesion, 
intrinsic de-cohesion curves, and 
the Mohr circle of stresses. To 
understand that portion the reader 
must, however, become acquainted 
with the ideas of Caquot presented 
in the Mémoires de la Société des 
Ingénieurs Civils de France in 
October 1933, and with his book 
“Equilibre des Massifs a Frottement 
Interne” (Equilibrium of Massive 
Bodies Under Internal Friction), 
published in 1934. 


Antifriction Alloys 


THE problem of antifriction alloys 
is so complicated and so depend- 
ent on purely commercial consider- 
ations that substantial technical 
investigations are rarely undertaken 
or at least rarely published. An 
article in Revue de Métallurgie 
(1944), p. 78, by J. Lacombe and M. 
Dannenmuller—apparently the 
first of a series planned — forms 
therefore a considerable contribu- 
tion to metallurgical knowledge. 
The authors developed some spe- 
cial equipment for the study of the 
creep produced at constant temper- 
ature under different loads in a 
number of commercial alloys, fre- 
quently changing the composition 
slightly in order to examine the 
influence of the individual elements. 
All their work was done at 40° C., 
thermostatically regulated, and the 
progress of the creep was recorded 
photographically on a 50 X scale. 
Their studies covered a total of 
28 alloys, the basic metals being 
Sn, Pb, Cd, Zn, Cu, Mg and Al. Fol- 
lowing Professor Portevin’s sugges- 
tion that numbers are far more 
comparable than curves, especially 
of the semi-logarithmic kind, they 
(Continued on p. 880) 





Wrap up your 
heatiog process la @ 


Here’s the complete, economical answer to industrial heating prob- 
lems—General Electric “Packaged” Heating Processes. Designed to 
do the entire job, a G-E “Packaged Process” provides you with a 
single source of supply for all of the following: 





EQUIPMENT — <4 c-£ “Packaged Process” combines one or 


more furnace units from the outstanding G-E electric furnace line— 
roller-hearth, mesh-belt, elevator, pit, car-bottom, etc.—with appro- 
priate G-E protective atmosphere producers, automatic controls, 


conveyers, and handling equipment. This “process packaging” of 
G-E equipment assures maximum performance through proper co- 
ordination of every component ... eliminates “misfits” ... saves 
you time and expense. 


ENGINEERING —\ 01; process becomes the “focal point” 
for applying all of General Electric’s 40 years’ experience in design- 
ing, manufacturing, and applying industrial heating equipment. 
Expert G-E engineers advise and plan right with you from start to finish. 


FIELD SERVICE—G.E.’s nationwide field service stands 
ready to supervise your installation, help solve operating problems, 
and to perform emergency repairs at any time. 


Contact the hecting specialist in your neorest G-E office 
fer additional information on G-E ‘Packeged” Heating 
Processes (or for information on electronic heeters and 
small heating devices); or, write Dept. 675-177, Apparatus 
Department, General Electric Company, Schenectady 5, N. Y. 
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CERIUM METALS 





Dempsey Over- and Under-Fired Car Type Furnaces give close control of temperature, atmosphere 
and uniformity through all parts of load and furnace in the range from 900—2000° F. 


DEMPSEY INDUSTRIAL FURNACES 
7 a2 ££ 2 se O@2e & & & FB. SC 
CUT COSTS—SPEED PRODUCTION — IMPROVE QUALITY 


“The cost of our stress relieving operations has been reduced to .0003¢ 
per lb. of castings.” 


So reports one user of a Dempsey Car Type Furnace—and though this 
cost is exceedingly low it is not unusual for our customers to send us 
such figures. 


We'll be glad to give you complete details of such installations upon 
request—just drop us a line. Write Dept. 3. 


BATCH—CONTINUOUS~SPECIAL ATMOSPHERE- MELTING 


Before deciding, investigate 


FURNACES “‘Tailored’’ by DEMPSEY 
Meet every Heat Treating Need! 


=] Weweser INDUSTRIAL FURNACE CORP. 


f 
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Antifriction Alloys 


(Continued from p. 878) 
reduced their experimental results 
to sets of three factors, one repre- 
senting the ratio between the imme- 
diate deformation on the application 
of the load and the total deforma- 
tion in 200 hr., the other two being 
powers of time m and n, the first 
standing for the deceleration and 
the second for the acceleration of 
the creep with time. Their tables 
carry also the figure for the load 
per sq.mm. which would not pro- 
duce more than 1% of the total 
compression in 200 hr. 

Metallurgically interesting also 
is their statement that neither grain 
size nor the pouring temperature 
had any appreciable effect upon the 
creep of the alloys studied. 


Coalescence of Carbide 
in Steel 


N Introduction to the Study of 
Coalescence in Eutectoid and 
Hypereutectoid Steel” is the title of 
a series of articles in Revue de 
Métallurgie during 1944, written by 
Col. N. T. Belaiew. The author 
began his metallurgical investiga- 
tions in the beginning of this cen- 
tury aS a young artillery officer of 
the Russian army and a most prom- 
ising young scientist on the staff of 
the Imperial Academy of Ordnance. 
As an army man he was quite nat- 
urally interested in the character- 
istics of such steels as were used 
in the manufacture of weapons, 
especially the fundamental weapon 
of many centuries—the sword. 
Hence his first studies were dedi- 
cated to those famous oriental 
“blades of Damascus”. They were 
manufactured by mixing small 
chunks of iron of various carbon 
content -— as was known from their 
relative hardness —including even 
small pieces of pig iron, heating the 
mass in a crucible under a cover of 
charcoal, welding it together at a 
moderate heat under the hammer, 
reheating, and forging again and 
again until a fine blade resulted (or 
the whole mass was thrown away if 
the operation were a failure). 
Belaiew succeeded in proving 42 
years ago that the specific proper- 
ties of the steel of Damascus were 
due to the simultaneous presence of 
bands of ferrite and pearlite which 
gave it the miraculous toughness, 
while the presence of bands of iron 
(Continued on p. 882) 











This 


HASTELLOY 


Trade-Mark 


Alloy Cylinder 












doubled hourly 






production...and 







reduced down 


time 95% 










IT RESISTS HCI GAS 


The above figures were obtained from a large automobile manu- 
facturer, who changed over from chrome plated parts to HaAsTteL_Loy 
alloy parts in an injection molding machine used for producing vinyl 
chloride plastic insulator sockets. . 

The plated cylinders were etched by the hydrogen chloride gas 
liberated during the molding process. This caused the plastic to build 
up on the cylinder wall, thereby reducing the volume of plastic injected 
at a given time and lengthening the cycle time as well. The machine 
was down 4 out of every 24 hours for cleaning the cylinder wall. 

The HasTE.Loy alloy cylinder, however, withstood the corrosive gas. 
Only one hour down time per week is required to keep the cylinder in 
efficient working order. 

HASTELLOY corrosion-resistant alloys are available in four grades— 
supplied in standard mill forms that can be fabricated into a wide 
variety of processing equipment. For complete information, write for 
the booklet, “Hastettoy High-Strength Nickel-Base, Corrosion- 
Resistant Alloys.” 


HAYNE 


The registered trade-marks “Haynes” and “Hastelloy” distinguish groducts of 
Haynes Stellite Company. 
































PEMA > S 
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AN H-P-M HYDRAULIC 
DRAWS WASHER TUBS 
IN A SINGLE STROKE! 


H-P-M’s MONEY SAVING 
RECORD ON THIS JOB! 





Imagine drawing 19 gauge steel to a depth of 15 5/16” 
with a single press stroke! From a blank size of 4414” dia. to a 
23” dia. tub is a reduction of 48%. Spectacular? You bet it 
is...and what’s more, this H-P-M press owner®* has less 
than 1% scrap loss, even with today’s irregular stock! The 
tub bottom is embossed in the same operation. Production of 
100 tubs per hour is a record, too! 


Here’s why H-P-M presses really pay off... constant 
‘drawing speed; smooth, fast action without impact; independ- 
ent pressure adjustments of punch, blankholder and die 
cushion; positive blankholder pressure for entire length of 
draw; shockless reversal. With H-P-Ms, you have positive 
overload protection ...there’s no chance for breakage . . . press 
reverses at a predetermined pressure. H-P-Ms also permit you 
to change dies quicker...a real factor with today’s short 
runs due to low steel supply. 


Call in a nearby H-P-M Engineer to tell you more about 
these money saving H-P-M hydraulics. Write today. 


*Name and address upon requeat 


THE HYDRAULIC PRESS MANUFACTURING CO. 
1058 Merion Rood (* i=Mount Gilead, Ohie, U.S.A. 


Crane Cie Bow Vek, Sina, eutind Ciaiey Sach, Pitbeurgh 
ee im other principal citres 
Expert Dept: S00 Fifth Aveave, New York, N.Y. Cable—“Hydreviic” 








Write for Buliclin 4706. It tells more about the time and money 
saving features of H-P-M metal working hydraulic presses 
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Coalescence of 


Carbide 


(Continued from p. 880) 
carbides of considerable size gave it 
its cutting characteristics and acted 
as a regulating influence upon the 
changes in the pearlite during 
quenching and tempering. 

Since these days he has been 
intensely interested in hypereutec- 
toid steels and on numerous occa- 
sions brought forth the idea that 
for a large number of applications 
a plain carbon steel, properly 
treated, could well substitute for the 
more expensive alloy steels—a 
principle, it must be agreed, often 
put into practice by American met- 
allurgists who are able to think for 
themselves. 

In the articles here considered, 
Colonel Belaiew gives a reasoned 
history of all research work done 
in the realm of pearlitic and hyper- 
eutectoid steels, as far as the 
sources were available to a scientist 
residing in the occupied part of 
France. It is accompanied by a 
very large and probably quite com- 
plete bibliography of the subject 
and some of the bibliographic foot- 
notes indicate a considerable 
amount of critical examination of 
the papers cited. 

The article does not contain 
much of Belaiew’s recent contribu- 
tions to the subject which entered 
his book on the “Crystallization of 
Metals” (in French), but carries a 
considerable number of simple cal- 
culations on the sizes of the pearlite 
grains and lamellae of the carbide 
resulting from the tempering of 
both pearlite, medium and fine, 
bainite and martensite. 

Steel metallurgists might be espe- 
cially interested in the hardness 
versus dispersion diagram which 
begins with carbide particles aver- 
aging 4000 uu in diameter and ends 
at the diameter of 0.67 uu—at 
molecular dimensions. Up to the 
dispersion of 9.5 we are in the field 
of microscopic visibility, beyond 
that in the field of pure computation. 
The latter might be reasonably cor- 
rect, but this abstracter expresses 
grave doubts in regard to the possi- 
bility of the existence of particles 
of molecular dimensions. A dis- 
persion number of 18 is more likely 
to form a physical limit than 
Belaiew’s dispersion number of 
molecular dimensions. Accurate 
computations in the field of grain 
size will require data on the dimen- 
sions of the unstrained unit crys- 
tallographic cell of far greater 
accuracy than at present available. 
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Here is what the Fire Fighter Truck Company of Rock Island, Illinois 
has to say about N-A-X HIGH-TENSILE steel. 

“In the use of this steel, we have increased the efficiency of our fire 
trucks and at the same time decreased our construction costs. We are 
now permitted to increase the hose carrying capacity using the same 
gauges as we formerly did with plain hot rolled sheet steel. 

“The added strength of N-A-X HIGH-TENSILE permits us to install 
booster tanks of larger gallonage. The corrosion-resistant properties of 
the steel has shown to good advantage in that longer life is noted in our 
booster tank. 

“We have found that in applying paint to this steel we can secure 
a better and longer lasting bond due to its impact- and abrasion-resistant 
qualities. These same qualities reduce shop imperfections from abrasion 
and impact, thus reducing surface refinishing prior to painting.” 

The high physical properties of N-A-X HIGH-TENSILE steel can help 
you increase your production . .. improve your product ... reduce 
your fabricating costs. 


GREAT LAKES STEEL CORPORATION 


N-A-X ALLOY DIVISION ° DETROIT 18, MICHIGAN 
UNIT OF NATIONAL STEEL CORPORATION 
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Low-Temperature 
Properties of Solders 


OLDERS are now being used 

extensively in equipment for 
refrigeration and liquefaction. How- 
ever, until recently, nothing had 
been published concerning the 
properties of solders at subzero 
temperature. The two papers ab- 
stracted here were the only sources 
of information about the low-tem- 
perature tensile properties of solder 
until publication of the article on 
p. 843 in this issue. 


Sn-Pb and Ag-Cu-Zn* 


HE specimens were machined 

from ingots made from 99.98% 
lead, 99.74% tin, 99.9% copper and 
99.41% silver. Tensile tests were 
made at +17, —196 and --253° C. 
(+63, —321 and —424°F.). The 
test results are summarized in 
Table I. 


*Abstracted from “Mechanical 
Properties of Metals and Alloys in 
Tension at Low Temperatures (—196 
and —253°C.). Part IV — Solders”, 
by V. I. Kostenetz and A. M. Ivan- 
chenko, Journal of Technical Physics 
(U.S.S.R.), Vol. 16, No. 5, 1946, p. 
551-554 (in Russian). 


The tensile strength of all the 
solders increased as the tempera- 
ture decreased.+ In general, the 
ductility decreased with decreasing 
temperature. The soft solder con- 
taining 25% tin and 75% lead 
showed the best combination of 
strength and plasticity at —321 and 
—424°F. The addition of copper 
and antimony had only slight effect 
on the low-temperature properties 
of the soft solders. Of the two silver 


+EpiTor’s Note: However, these 
investigators missed entirely the max- 
imum points in the curves of strength 
versus temperature for high-tin 
alloys, because no data were obtained 
between +63 and —321°F. For 
example, compare Table I with the 
curves on p. 886, giving data obtained 
by H. S. Kalish and F. J. Dunkerley 
for three tin-lead alloys containing 
1.0, 5.0 and 50% Pb. 


brazing alloys tested, the one con- 
taining 45% silver had the better 
combination of properties. 


Tin-Rich Tin-Lead? 


THE specimens were made from 

tin and lead of extremely high 
purity. Pure tin and tin-lead alloys, 
containing 0.01, 0.05, 0.1, 0.35, 1.0, 
1.66, 5.0, 10.0, 38.7 and 50.0% lead, 
were tested at eleven temperatures 
between and —196°C. (+80 
and —321°F.). All castings were 
homogenized at 170°C. for 200 hr. 


+27 


(Continued on p. 886) 


tAbstracted from “The Low- 
Temperature Properties of Tin and 
Tin-Lead Alloys”, by H. S. Kalish and 
*. J. Dunkerley, Metals Technology, 
Vol. 15, No. 6, September 1948, 


Table I — Low-Temperature Tensile Test Data on Solders 





MATERIAL 
+63° F. 


7, 16,000 
8, | 17,000 
7, 20,000 
7, 
7, 
1, 
4, 


20.000 
18,000 
74,000 
54,000 





321° F. 


TENSILE STRENGTH, Psi. 


! 
} 


REDUCTION OF AREA, % 


+63° F. 321° F.| —424° F. 


2 
1 
6 
11 
21 


15 
13 








* Wedge-shaped fracture. 


*The data showed a large spread. 
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Mechanisms are pre- 
cision built, gear driven 
throughout, for maximum 
safety and dependability. 
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CHICAGO - CINCINNATI 

DENVER - DETROIT - DULUTH 

NEW YORK «+ PHILADELPHIA - ST. LOUIS 

Columbia Steel Company, San Francisco, 
Pacific Coast Distributors 


United States Steel Export Company, New York 


BOSTON - 


Sak b'L 





There may be some “wonder metallur- 
gical cure-all” for every parts headache. 


There may be—but Moraine Products 
doesn’t pretend to manufacture it. 


For, while we are proud of our achieve- 
ments in powder metallurgy, we also 
admit its limitations. Our broad manu- 
facturing experience has taught us that 
powder metallurgy should be recom- 
mended with care. 


It is part of this realistic approach to 
tell manufacturers that powder metal- 
lurgy is practical for their parts only 
when specific requirements of shape and 
physical properties are attainable. We 
also make it our policy to emphasize its 
impracticability for small run, job-lot 
orders where the tooling and setup costs 
are out of proportion. 


Perhaps this straightforward attitude is 
why the customers we do serve acclaim 
metal powder parts by Moraine as “just 
what the doctor ordered.” 


MORAINE PRODUCTS 


DIVISION OF 


GENERAL MOTORS 


DAYTON, OHIO 


Fy oa 
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Tempilstik 


A simple method of 
controlling working 
temperatures in: 


© WELDING 

© FLAME-CUTTING 
© TEMPERING 

© FORGING 

© CASTING 

© MOLDING 

© DRAWING 

© STRAIGHTENING 
© HEAT-TREATING 

IN GENERAL 


it's this simple: Select the 
: ° * Also 
Tempilstik” for the working = 
temperature you want. Mark = ailable 
your workpiece with it. When in pellet 
the Tempilstik® mark melts, or 
the specified temperature has liquid 
been reached. form 





Available in these temperatures (°F) 





125 275 500 1100 
138 288 550 1150 
150 300 600 1200 
163 313 650 1250 
175 325 700 1300 
188 338 750 1350 
200 350 800 1400 
213 363 850 1450 
225 375 900 1500 
238 388 950 1550 
250 400 1000 1600 
263 450 1050 


FREE —Tempil® “Basic Guide 

to Ferrous Metallurgy" 
— 16%” by 21” plastic-lominated wall 
chart in color. Send for sample pellets, 
stating temperature of interest to you. 


. GORDON 
SERVICE 


CLAUD S. GORDON CO. 


Specialists for 34 years in the Heot-Treating 
and Temperature Control Field 

Dept. 15 © 3000 $. Wellece Si. © Chicage 16, I. 

Dept. 15 © 7O16 Euclid Avenve © Cleveland 3, Ohie 























Tin-Rich Solders 


(Continued from p. 884) 
before being tested. The results of 
tests were reported in 15 graphs. 

Pure tin and all the tin-lead al- 
loys containing up to 5.0% lead 
become brittle at about —165° F., 
except for the 1.0 and 1.66% lead 
alloys, which give brittle fractures 
at higher temperatures. Alloys with 
more than 10% lead remain ductile 
at successively lower temperatures 
as the lead content increases. 


Temperature, °F 
-328 -184 -40 +104 
22 














1O%Pb 


| 50% Pb 
~~\| Commercial Solder 
poe —-++—-- 


Tensile Strength, |OOO psi 


| 
| 


a 
-200 -120 -40 +40 
Temperature, °C 











Tin and tin-lead alloys increase 
in strength as the temperature is 
decreased before embrittlement, as 
shown for three alloys in the 
accompanying diagram. 

A 50-50 tin-lead commercial 
solder was brittle below —240° F., 
but at this temperature the tensile 
strength increased to 18,500 psi. 
Solders of higher lead content will 
become brittle only at successively 
lower temperatures until, at about 
70 to 80% lead, the tin-lead alloys 
should remain ductile down to 
temperatures near absolute zero. 


New Welding Meth- 
ods Using Inert Gas 


N THE conventional process 
known as inert-gas-shielded arc 
welding, the heat of welding is pro- 
duced by an arc between a single, 
nonconsumable tungsten electrode 
and the work. Inert gas (argon or 
helium) is fed through a nozzle 
surrounding the electrode in the 
head of the torch, and flows out 


(Continued on p. 888) 
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YOU'VE GOT 
TO BE SURE OF 
YOUR HARDNESS 
otter wr 
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yerisi si 
eevee Dake @ 


Price Eoch: $1.50, F.0.B. Detroit 


Your hardness tester is 
useful only when you 
are sure it is giving you 
accurate, dependable 
readings. You can rely 
on the accuracy of 
your hardness tester 
when you check it reg- 
ularly with CLARK 
standard test blocks. 
CLARK test blocks, 
in various hardness 
grades, provide a 
quick, sure and simple 
method of assuring ac- 
curate hardness tester 


reading. 


INSTRUMENT, INC. 


r ADROPRA 
DEARBORN 











THIS BOOK -° 


TELLS YOU HOW TO DESIGN 


“THESE PARTS = / 


AS IMPACT EXTRUSIONS... 













to cut cost - speed assembly - improve products! 


Write for your copy fo: 
ALUMINUM COMPANY OF AMERICA 
2101 Guif Building . Pittsburgh 19, Penna. 
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Shielded Welding 


(Continued from p. 886) 


to blanket the electrode, the arc 
and the weld puddle, in order to 
exclude the oxidizing atmosphere. 

Two new welding processes 
using inert gas for shielding were 
described at the annual meeting of 
the American Welding Society in 
Philadelphia, Oct. 25 to 29, 1948. 
These new processes, known as 
inert-gas-shielded metal-arc welding 
and inert-gas-shielded-arc spot 
welding, are discussed briefly in 
the two abstracts that follow. 


Inert-Gas-Shielded 
Metal-Arc Welding 


J S. Sohn and A. N. Kugler (Air 

* Reduction Co.) reported the de- 
velopment of the inert-gas-shielded 
metal-arc welding process, in which 
a consumable filler wire is depos- 
ited continuously in a controlled 
gas atmosphere. The filler metal 
carries welding current, and an arc 
is maintained between the end of 
the wire and the work. Power may 
be supplied from a standard weld- 
ing generator. The equipment de- 
veloped includes a manual gun and 
an automatic welding head. 

This process is particularly 
adapted to the welding of alumi- 
num and aluminum alloys. Direct 
current, reversed polarity, gives the 
necessary arc conditions. Welding- 
grade argon is a satisfactory shield- 
ing gas. 

One of the principal features of 
this process is the use of very high 
current densities. Current densi- 
ties twelve times those used in or- 
dinary metal-arc welding have been 
successfully employed. With such 
high current densities, high rates 
of filler metal feed must be pro- 
vided in order to make satisfactory 
welds. Filler wire speeds for the 
manual welding gun range from 
100 to 300 in. per mia. 

For the manual welding of alu- 
minum as currently provided in 
this process, only three sizes of 
filler metal are needed — &, xx, and 
ss in. With these filler metal sizes 
the over-all current range is 70 to 
450 amperes, which permits weld- 
ing of metal thicknesses from % to 
2 in., or more. 

The selection of filler metal 
composition is governed by the 
metal to be welded. For the weld- 
ing of 2S and 3S alloy, 2S wire is 
recommended; for 52S and 61S, 


(Continued on p. 890) 
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STAINLESS STEEL 


CAST TO MICROMETER TOLERANCES 





Quality 
Product 


Precision-Cast Small Alloy Steel Parts To Finished Dimensions 


The Misco Precision Casting Process offers industry 
a unique method of producing hard-to-machine parts in 
carbon and low alloy content steels as well as in highly 
alloyed stainless steels. The process permits large quan- 
tity production of very accurate, highly finished castings 
which compare favorably in soundness, perfection of 
surface and dimensional accuracy with parts made by 
costly machining methods. The illustration shows a selec- 


tion of small parts precision-cast to micrometer tolerances. 

Investigate the Misco Precision Casting Process for the 

production and replacement of parts like these. Detailed 

information upon request. 

SEND FOR THIS BOOKLET Provides you with valuable and 
essential precision casting data 

The striking qualities of the Misce Precision Casting Process are fully described in our 20-page booklet. 


Compiled to present the lates! develepment in precision casting te industries requiring small, accurate. steel 
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A Little Does a Lot 


GCC CERIUM METAL (Mischmetal) 
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the metallurgical and mechanical proper- 
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Shielded Welding 


(Continued from p. 888) 
either 43S or 716 may be used. 
This process should reduce some 
of the limitations now encountered 
in the welding of heat treatable 
aluminum alloys. 

Mechanical properties of alumi- 
num welds are equal to the proper- 
ties obtained in castings of the same 
composition as the filler metal. 
Generally the welds will be supe- 
rior to welds made with aluminum 
metal-arc electrodes. Under proper 
conditions the quality will approach 
that obtainable with the inert-gas 
tungsten-arc method. Tensile 
strengths of 27,000 psi. with 8 to 
10% elongation have been obtained 
with 43S all-weld-metal specimens 
welded in the vertical position. 
Heavy aluminum sections may be 
welded with little or no preheat, a 
practice in sharp contrast with 
other processes in which the filler 
metal is added by indirect methods. 


Inert-Gas-Shielded-Arc 
Spot Welding 


J. Pilia (Linde Air Products 

* Co.) reported the development 
of the inert-gas-shielded-arc spot 
welding process, in which the weld 
is produced by the heat from an 
electric arc applied to the top sur- 
face of two lapped pieces of metal. 
Welding is controlled by the input 
of current to the are and the time 
the arc is allowed to remain on the 
material being welded. The arc, 
tungsten electrode and weld puddle 
are shielded with an inert gas 
fonly argon is mentioned], in a 
manner similar to that employed in 
conventional inert-gas-shielded arc 
welding. 

In resistance spot welding, the 
weld is produced by the effect of 
high current and pressure applied 
to the electrodes. In inert-gas- 
shielded-are spot welding, the weld 
is produced with fusion alone. 
Because no forging pressure is re- 
quired on the fused nugget, no 
backup or access to the reverse 
side of the weld is necessary. This 
accounts for one of the major ad- 
vantages of the gas-shielded spot 
welding process—the ability to 
produce spot welds from one side 
of the joint only. 

The apparatus required for gas- 
shielded spot welding consists of a 
standard 60-cycle a-c. metal-arc 
welding transformer with a built-in 


(Continued on p. 892) 








MG Simple oulput circuit. 


\ duction Heaters 






Hardening production rate is up 300%; 
‘warpage is down 30%! Those are the records 
The Dumore Company, Racine, Wisconsin, is set- 
ting with its 20 kw Allis-Chalmers induction heater. 





Simple output circuit of Allis-Chalmers heater 
enables The Dumore Company to design and build 
all its own work coils. These are typical of the 
kind used in everyday plant production. 






HE HEART of induction heater application lies 

in the design of the output circuit. Matching 
heater and load impedance is simple or complex 
depending on the versatility of that circuit. 

The Allis-Chalmers output circuit is simple. It 
eliminates the need for additional, expensive trans- 
formers or capacitors to match the impedance of 
the work coil, As a result, plant engineers can de- 
sign coils for practically all applications. 

To companies like Dumore, this versatility is 
invaluable. It enables them to build work coils 


ALLIS-CHALMERS, 1036A SO. 70 ST. 
MILWAUKEE, WIS. A2345 


Please send me more information on: 


i 3 8 


CJINDUCTION = [[) DIELECTRIC C) METAL 





®. 





for new jobs without the expenditure in time and sreniog, colder. Weed, Gini, feted prado 
money of referring back to the manufacturer. tne, Gardening, soatilog, ees = quillly Gad ae 
If you're interested in more information on this hect treating.  throvgh 125 kw. 12 in. apertures. 
subject, write now for your free copy of “Design- 
ing Work Coils for Induction Heating.” ee 
7] ES Rae cenee ene , a 
- ES , sii deaiedeaalaia taal 
ot ‘ ‘ 
1-2-10-15-20-50-75-100-200 KW INDUCTION HEATERS Snewaesesneeenssoeoseees “seen eo : 
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Shielded Welding 


(Continued from p. 890) 


high-frequency unit. A timing de- 
vice similar to that used for resist- 
ance spot welding is employed, 
except that longer time cycles are 


required for the arc, and instead 


TOOL FURNACES of circuits for “squeeze” and 
“hold”, there is a circuit for argon 


shutoff delay. 





om eh pe pe BE, The tool used for making the 
gases assure a quicker, more weld consists of a gun of molded 
accurate, convenient and eco- plastic about the size of a Colt “45” 
nomical method of harden- automatic, and weighing 2 Ib. The 
ing, drawing and annealing gun is equipped with a water- 


of high speed or carbon 


steels and small tools. cooled copper cup, which bears 


against the work. A tungsten elec- 


an eee sew Seed se trode from which the electric arc 
burner capacity maintained issues is located centrally in this 
for high or low temperature cup. It is spaced back from the 
operation. For high temper- end of the cup by about *% in. This 
— = brs Mi Po setting varies with the material 
the upper or lower set can being welded and is adjustable. 
be used. The application of the process 


to the assembly of automobile bod- 
ies is discussed in detail in the 
paper. The auto body is designed 
primarily around the resistance 
spot welding process with some use 
of oxy-acetylene welding, metal-arc 
welding and flash welding. Metal- 
arc welding in body construction 
is used where resistance spot 
welding is not feasible because of 


Write for Bulletin M-211 


Se 
Pd 
Nt ae ala pens: FACT RIN ; 
2825 EA THENNEPIN 
MINNEAFP : a 
t R & MANUFACTURER 


OF INDUSTRIAL HEATING EQUIPMENT 








the obstruction of the work, or 

that gave COmf, inability to reach the opposite side 

- OF I the of the work for resistance welding 

<i, enemy backup. Gas-shielded spot welding 

™~ is satisfactory for most of the auto 

body welding that has been done 
by the metal-arc process. 

In addition to the automotive 
operations, the process has been 
used successfully in attaching light 
*Overheated barrel. High tem- sections to heavy sections. For in- 
peratures generated by rapid stance, a 0.040-in. sheet can be 
fire of early vintage machine attached to a 4-in. thick section in 
guns caused excess distortion. the various metals. Other applica- 
and wear. The result: Lots of tions are mentioned in the paper. 
fireworks, few hits. 


ait TREATMENT* the size of the machine required, 
% 












Science perfects speed and accuracy at LAKESIDE Hydrogen In 





OUR SERVICES: Electronic The machine gun barrel problem was later solved— » * 
Induction Hardening, Flame a scientifie achievement. And the way to lick all your Aluminum 
rg cage nwo: a steel treating troubles is with a call to Lakeside— 

reatin traighten- where Science is boss. You get these advantages: a om ; 
y lm Bigg voll Ane Expert. unbiased metallurgical counsel; unrestricted HE solubility of hy droge n in 
Normalising, Pack. Gas pat use of your area's most complete, modern array of liquid aluminum of high purity 
Liquid Carburizing, NMitriding, automatic, precision controlled processes; instru- has been redetermined by a stand- 
Speed Nitriding, Aerocasing. mented, precision testing of all work. And these ard method. The solubility in solid 
Chapmanizing, Cyaniding, Sand services are geared to your current, high-speed pro- aluminum, usually reported as nil, 
Blasting. Tensile and Bend duction, and your high-quality specifications, without has been determined with reason- 
Tests. sacrifice to either. 

able accuracy. 


Approved Steel Treating Equipment by U.S. Air Force—Serial No. DE-S-24-1 through 30. 


S418 LAKESIDE AVE., CLEVELAND 14, ONIO HENDERSON 9100 


(Continued on p. 894) 


*Abstracted from “The Solubility 
of Hydrogen in Liquid and Solid Alu- 
minum”, by C. bk. Ransley and H. 
Neufeld, Journal of the Institute of 
Metals, Vol. 74, 1948, p. 599 to 620. 
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Savon does the most care- 
fully developed scientific the- 
ory provide the final answer 
in the shop; neither is practi- 
cal experience entirely de- 
pendable. It usually takes a 
combination of both in order 
to select and apply the cutting 
fluid that will give the best re- 
sults on a given machining job. 

D. A. Stuart Oil Company 
offers you a combination of 
theory and practical experi- 
ence that pays dividends in 
better machining and fewer 
production headaches. The 
theory emanates from research 
in the modern D. A. Stuart lab- 
oratories; practical approach 
comes from men who have 
years of experience in shop 
problems and techniques. That 
is why Stuart products so often 
smooth out jobs on which other 
cutting fluids fail. Ask your 
D. A. Stuart Oil Co. represent- 
ative to tackle your tough jobs. 


ON-THE-JOB REPORTS 
PROVE RESULTS 


“...D. A. Stuart's SOLVOL Water Mixed 
ee ag | |" was put in on a trial 
basis for ing high carbon alloy steel. 
High speed alloy cutters were and 
it was found that SOLVOL increased the 
cutter life 3 to 4 times over what they had 
been getting. . . .° Write, if pa) would 
like to have a booklet on SOLVOL. 






STUART off engineering goce 
swith every barrel 






2743 S$. TROY ST. + CHICAGO 23, ILLINOIS 


CUTTING FLUID 





Gas in Aluminum 


(Continued from p. 892) 
The solubility values at 1 atm. 
pressure are as follows: 


TEMPERATURE, SOLUBILITY, 
“2. Cu.Cm. PER 100 G. 
0 (estimated) 1 x 10° 
300 0.001 
500 0.012, 
660 (solid) 0.036 
660 (liquid) 0.6, 
700 0.9, 
750 ime 
850 2.1, 


The values for solubility in liquid 
aluminum are much higher than 
almost all previous determinations. 

It is shown that the porosity of 
a sand-cast test bar of commercial- 
purity aluminum is a linear func- 
tion of the hydrogen content. 

The volume of hydrogen dis- 
solved in commercial melts of alu- 
minum and the common aluminum 
alloys is about 0.1 to 0.6 cu.cm. per 
100 g. A melt of aluminum held at 
725° C. and containing 0.3 to 0.4 
cu.cm. per 100 g. of hydrogen will 
have an “internal pressure” of 
about 0.1 atm.; if the gas content 
is reduced to 0.1 cu.cm. per 100 g., 
the internal pressure will decrease 
to 0.01 atm. This means that if the 
metal is degassed by passing a 
stream of bubbles of neutral gas 
through it, the theoretical maximum 
rate of removal of hydrogen will 
initially be 10% of the volume of 
gas passed, but this will decrease 
to 1% as the hydrogen content ap- 
proaches 0.1 cu.cm. per 100 g. 
Because of the limited time of con- 
tact of the bubbles with the melt, 
and the operation of other factors 
tending to restrict the diffusion of 
hydrogen into them, it is very un- 
likely that the percentage of hydro- 
gen carried out of the metal even 
approaches the theoretical value. 
The practical difficulty in reducing 
the hydrogen content to a low level 
by flushing with a neutral gas is 
thus readily understood. 


Stress Relief at Low 
Temperature’ 


HE most efficient but rarely fea- 

sible way of relieving stresses 
in welded structures consists of 
heating the whole weldment to a 
temperature where plasticity is 
sufficient to eliminate the whole 
complex of stresses. (To p. 896) 





*Abstracted from “Low-Temper- 
ature Stress Relieving”, 4 = we 
Greene. Presented before the Inter- 
national Acetylene Assoc., May 3, 1948. 
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XAC }EM P 
HAND PYROMETERS 


fecal’ 
to win, Seal 


mac lator 


The XACTEMP PYROMETER 
makes possible better quai- 
ity control and helps to- 
ward elimination of blow- 
holes, burnouts, sand infil- 
tration and other flaws due 
to incorrect temperature... 
affords a simple, effective 
means for accurate temper- 
ature measurement of mol- 
ten, non-ferrous metals. 
Well-balanced, easy to 
handle . . . always ready 
for use and requires no 
preliminary adjustments. 

Cast aluminum and brass construction. 
Indicator is of medium resistance not affec- 
ted by thermocouple length ... acts rapidly 
. . « provided with Alnico V magnet and 
direct reading dial starting at 50° F. 43” 
stainless steel extension . . . standard 7” 
Marshall tip permits true readings below 
surface of metal. Made to give good serv- 
ice for years. Order at once to be sure of 
immediate delivery from stock. 


Catalog No. MM701 
Cavnte Sit omens, SOO 


Catalog No. MM7 Replacement Thermo- 
CONGO TED «cc cncccosecscccseseces $7.00 





Ask about XACTEMP PYROMETERS for all-around 
general temperature checking. A full line of ther- 
mocouples available in stock. 


a 
; “SERVICE 


CLAUD S. GORDON CO. 


Specialists for 33 Years in the Heat Treating 
end Temperature Control! Field 


Dept. 15 © 3000 South Wallace St., Chicago 16, Mi. 
Dept. 15 © 7016 Euclid Avenue © Cleveland 3, Ohio 

















HEAT FAST... then turn down 
to as low as 8 percent of maximum capacity to 
MAINTAIN TEMPERATURE 
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™ 
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gf 








mer 


o 


TURNDOWN RANGE OF BRYANT 
4-RING ASSEMBLY 











Full Capacity Range 


Turndown—percent of 
maximum capacity 














' ' : ! 
! ! } ! 
Individual Control of Burner Rings Provides 
4 7 1 i 
Extra-Wide Range of Operation .. . , : 
i ! 60 
° . ‘ ! 
Bryant Atmospheric Ring Burners are designed for i 
: . , ' i 
heating of kettles, rinse tanks, vertical boilers, caul- ) ' 
drons, ovens and similar applications. They can be top 
supplied with pilot so that the main burners can be 2 
automatically turned on and off, or they can be g 
manually controlled by individual cocks controlling 
the various rings. Capacity up to 463,000 Btu per hour 2 INNER 3 INNER Au 
depending upon gas conditions specified. Partial RINGS RINGS 4 RINGS 
assemblies also available for lower capacities as well — — 
as individual rings in capacities from 37,000 to Entire burner (all 4 rings) may be used for 
7 ns fast heating, then the two outside rings shut 
191,000 Br per hour, for all types of gas. Write for oll and Gb Une exams cans Gusalied be 
complete details. one mixer) throttled to achieve a minimum 
: of 8 percent of maximum capacity. As a com- 
Bryant Heater Company «+ Industrial Division plete unit, the assembly can be turned down 
1020 London Road + Cleveland 10, Ohio to as low as 25 percent of maximum capacity 
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(ar and heat-resistant alloy 
steel castings of certain types 
acquire better characteristics when made 
by the Centri-die process in permanent 
molds. This method was developed by 
Firth-Vickers of Sheffield, England, over 
a long period of experimentation. It is 
largely responsible for the superior quali- 
ties of the Rolls-Royce, De Havilland, 
Bristol and other British airplane jet 
engines. Since the war it has been widely 
applied to castings for corrosion and 
heat-resistant service. 

The agreement between Lebanon and 
Firth-Vickers makes available to us the 
best experience, methods and foundry 
practices known in England and assures 


Lebanon’s customers a continuance of 


our traditional high-quality standards. 


LEBANO 


ALLOY AND STEEL 








If your equipment is subjected to high 
temperatures or corrosive conditions, you 
should know about the new Lebanon 
castings made by the Centri-die process 
in permanent molds. 


Get This Book 
“Centri-die Centrifugal Castings” 


Here is a clear explanation of the practical 
advantages to you of the Firth-Vickers 
Centri-die method of making alloy cast- 
ings centrifugally in permanent molds. 
Of interest to executives and engineers 
who want to keep abreast of new manu- 
facturing and production methods. Write 
for Bulletin N, 


LEBANON STEEL FOUNDRY « LEBANON, PA. 
“In The Lebanon Valley” 


astings 
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Stress Relief 


(Continued from p. 894) 


Stretching the structure so the 
metal adjacent to the weld is elon- 
gated to just below its yield point 
could also produce a plastic stretch 
in the weld, and this would elim- 
inate the contraction resulting from 
the greater cooling of the weld in 
comparison to the metal welded. 
This, however, is even less feasible 
than general heat treatment. 

The author describes a method 
which consists of a controlled 
heating of the metal outside the 
weld, thus stretching it thermally 
and the weld mechanically. When 
the thermal elongation disappears 
(on cooling) the mechanical plastic 
elongation of the weld remains; in 
that manner the residual stresses 
are eliminated. 

The method consists in heating 
up a certain width of the metal 
equally on both sides of (and at a 
defiuite distance from) the weld. 
The metal is allowed to reach a 
temperature of 350° F. and imme- 
diately cooled by jets of water 
following the heating flames at a 
given constant distance. The weld 
is kept cool continuously by a jet 
of water. 

The method was worked out 
from a thorough study of the 
stresses of welding, and the stresses 
remaining after relief at low tem- 
peratures. For this purpose a 
welded plate 7x4 ft. prepared of 
7x2-ft. halves was fitted with elec- 
tric resistance gages in its central 
part, and strips carrying the gages 
cut out (trepanned) by drilling and 
sawing, so as to separate them from 
the body of the plate and so elim- 
inate the stresses between the strip 
and the plate. The change in stress 
indicated the previously existing 
average stress in that strip. The 
same procedure applied to the plate 
relieved at low temperature yielded 
the magnitudes of stresses still 
retained in such strips. It was 
found that the remaining stresses 


had been reduced to a_ nearly 


negligible quantity. 

Tables are presented in the text 
giving the distances of the heating 
jets from the weld and the veloci- 
ties of their travel for plate thick- 
nesses between % and 1% in., and 
optimum conditions of operation. 

The paper also describes the 
actual applications of the method 
to the construction of tankers, pres- 
sure vessels and to the water tank 
of a 10-million cu.ft. gas holder — 
the largest in the world. 






















Production goes up—costs come down 

wher you use Pittsburgh Alloy and Stainless Steel 

Wire in your manufacturing operations. It has the uniformity 
and accuracy to work easily in your machines— 


produce better wire products for you. 
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Se Le a 


Which of these books will 
be most profitableto you? 


POSSIBILITIES 
FOR BIG SAVINGS; 
BETTER PRODUCTS 


Powder 
Metallurgy 


Billions of powdered metal parts, now used in 
such diverse products as bombers and refriger- 
ators, typewriters, radios, machine tools and auto- 
mobiles, have effected savings as high as 75%, 
substantially increased production, improved many 
products, solved many special engineering and 
manufacturing problems. This book, the only 
complete, up-to-date explanation of the character- 
istics, processing techniques, products and possibil- 
ities of metal powders, will show you what powder 
metallurgy can do for you. Here is the latest and 
best information on many different materials and 
parts that may be of tremendous advantage to you. 





1000 
PRODUCTION AIDS 


illustrated 
Jig-Tooling 
Dictionary 


988 working drawings, with concise explanations, 
show you at a glance what you want to know 
about the design, construction and use of any 
piece of tooling equipment. Here is a wealth of 
useful, up-to-date data not only on jigs and fix- 
tures but also on dies, welding, plastic molding, 
machine tools and allied tools and procedures. 





HOW TO GET YOUR 
GOOD IDEAS INTO 
PRODUCTION 


Simplified 
Punch & Diemaking 


Two expert toolmakers give you the best, most 
practical information on methods and materials for 
the design and construction of all types of punches 
and dies for fabricating sheet metal. One tool and 
diemaker of 30 years’ experience wrote that he 
found this book so informative and so interesting 
that he sat up nights reading it! Full reference 
tables included. 





r~See Them on Approval: 
The Macmillan Co., 60 Fifth Ave.,N.Y.11 ! 


I 
1 Please send me on 10 days’ approval a copy 
I of each of the books checked below. 
I C Pewder Metallurgy ($8.00) 
C Mtustrated Jig-Teoling Dictionary ($7.50) 

1 © Simplified Punch & Diemaking ($5.00) 

: Signed = eeeeieniaal 
| Company healed 
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Gaging Thin Films* 


HE problem of gaging the thick- 
ness of extremely thin films has 
long been a headache in industry. 
For example, the average thick- 
ness of a sheet of Pliofilm, a Good- 
year product, is about 0.001 in. 
(one mil). Mechanical gages are 
difficult to use since the tiniest 
change in the pressure of the gage 
on the film will give a false reading. 
Present gages read with only dubi- 
ous accuracy to 0.0001 in. 

The usual mechanical gage com- 
presses the film between a metallic 
foot and an anvil. The theory is 
that the weight of the foot will pro- 
vide the same pressure for each 
test, but actually the softness of the 
film will affect the result. 

Various refinements may be 
incorporated, but one difficulty 
about using all such gages in con- 
junction with a production line is 
that either the progress of the film 
must be .halted for gaging purposes 
or a piece of film must be cut from 
the sheet and subjected to gaging. 


*A note concerning research by 
Goodyear Tire and Rubber Co., 
Akron, Ohio, contained in the Fourth 
Semiannual Report of the United 
States Atomic Energy Commission. 


A new radioactive gage, using 
radiocarbon (C1), makes it pos- 
sible to gage a sheet of Pliofilm or 
other film continuously as it comes 
from the rolls. No mechanical con- 
tact with the film is required. 

The film passes through a slot 
in the gage. Below this slot there 
is a small bit of C14, Above the slot 
there is an ionization chamber in 
which is produced a minute elec- 
trical current by the rays from this 
radioactive carbon. This current is 
amplified by subminiature vacuum 
tubes to the point where it is suffi- 
ciently large to operate an ordinary 
electric meter which will then indi- 
cate the strength of the rays. Fur- 
ther amplification could be used to 
actually control the film gage by 
regulation of the speed of the pro- 
duction machinery. 

Radioactive carbon C!4 gives off 
only a weak stream of beta rays. 
These are electrons like the elec- 
trons released by the filament of an 
ordinary radio vacuum tube. The 
number of electrons getting through 
the film depends on its thickness, 
and the meter can be graduated to 
read directly in thickness of film. 

The new gage reads to a hun- 
dredth of a mil (0.00001 in.), but it 
is hoped to attain an accuracy ten 
times greater. Se 
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For BIGGER Carburizing Box Payloads 


Handle more parts per load 
to boost production and reduce 
unit costs. Stanwood Engineer- 
ing is automatic assurance of 
top to bottom design that holds 
weight to a minimum without 
sacrificing strength. The all- 
fabricated carburizing box 
shown is STANWOOD-DE- 
SIGNED to resist high tempera- 


SASK erxtuRes 





Stanwood. 


4817 W. Cortland St. 
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tures and corrosion and _ to 
stand up under tke roughest 
handling. Yet it is extremely 
lightweight for BIG payloads. 
There are no corner welds... 
Long-life V-skids on bottom 
permit free air circulation 
Send for catalog 16 describing 
Stanwood baskets, trays, fix- 
tures, retorts and carburizing 
boxes. 


TRAYS QUENCH TANKS eeTrorrTs 





Chicago 39, Ill. 
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NON-FERROUS 
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‘SURFACE’ METAL MELTING FURNACES 
orrer (Aidalanadlnig FEATURES OF DESIGN 


Surface Combustion Automatic Proportioning 

One-Valve Control Burner Equipment is used to 

assure fast and uniform melting, give low fuel 

consumption, and to reduce maintenance to a 

minimum. Burners are properly located so that tilting 
direct flame impingement on either the pot or the F. Meinm 
furnace lining is prevented. The pot is uniformly Metals 
heated by both radiation and by contact with the 


hot gases. 
The control of the furnace is centralized in made repeatedly. All types are designed to com- 


one valve, and with the aid of the gauge, exact bine maximum strength and durability with 
duplication of the melting performance can be rapid and efficient melting practice. 


SURFACE COMBUSTION CORPORATION e TOLEDO 1, OHIO 





or Complete Specifications Write for Bulletins 


® 9 Listed Above 
| Wy STANDARD RATS 
| e INDUSTRIAL FURNACES 





